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LETTER  OF  TRANSMITTAL. 


James  F.  AVoochvard,  Secretary, 

Department  of  Internal  Affairs. 


Sir : 


There  is  transmitted  herewith  a report  on  the  Geology  and  Alineral 
Resources  of  the  Lancaster  Quadrangle,  to  form  part  No.  168  of  the 
Geologic  Atlas  of  Pennsylvania.  The  field  and  office  |)reparation  of 
this  report  is  the  result  of  cooperation  between  the  State  Survey  and 
the  United  States  Geological  Survey.  The  joint  authors  are  authorities 
on  the  geology  of  the  Piedmont  Province.  Dr.  Anna  1.  Jonas  is  a 
geologist  in  the  employ  of  Penn.sylvania  who  has  been  doing  detailed 
geologic  mapping  in  southeastern  Pennsylvania  for  several  years,  and 
George  W.  Stose  has  been  a geologi.st  of  the  Ih  S.  Geological  Survey 
for  more  than  30  years.  Although  the  actual  field  work  in  the  (piad- 
rangle  dates  only  from  1922,  the  results  embody  the  experience  and 
conclusions  of  many  years’  work  in  .southeastern  Pennsylvania  and 
^Maryland. 

This  atlas  is  part  of  the  detailed  geologic  map  of  Pennsylvania. 
The  United  States  Geological  Survey  has  already  published  the  geol- 
ogy of  35  quadrangles,  calling  them  folios.  The  State  Sui-vey  has 
published  four  and  has  two  others  in  press.  Work  is  in  ])rogress  on 
29  other  atlases  or  folios,  19  by  the  Federal  Survey  without  coo])era- 
tion,  8 in  cooperation  between  the  two  Surveys,  and  2 by  the  State 
Survey  without  cooperation. 


Respectfully  submitted. 


State  Geologist. 


December  5,  1927. 
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Geology  and  Mineral  Resources  of  the  Lancaster 
Quadrangle,  Pennsylvania* 

By  Anna  I.  Jonas  and  Geokoe  W.  Stose. 


INTRODUCTION. 

Ijocation  and  Area 


The  Lancaster  quadrangle  is  in  southeastern  Pennsylvania  and 
covers  parts  of  Lancaster  and  Lebanon  counties.  It  comprises  an 
area  of  234  square  miles  between  parallels  40°  and  40°  15'  and  merid- 
ians 76°  15'  and  76°  30'.  The  greater  part  of  the  area  lies  in  Lan- 
caster County,  only  the  extreme  northwestern  corner  belonging  to 
Lebanon  County.  (Bee  tig.  1 and  PI.  1.) 


Fig.  1.  Index  map  of  Pennsylvania,  showing  atlases  published  hy  the 

State  Suiwey. 


Lancaster,  the  city  from  which  the  quadrangle  is  named,  has  a poi)u- 
lation  of  over  54,000.  Colund)ia,  which  lies  partly  in  the  southwest 
corner  of  the  quadrangle,  has  a population  of  about  11,000.  Lititz, 
(Manheim,  and  Mount  Joy,  which  are  towns  of  2,000  to  3,500,  are  the 
only  other  jjlaces  of  over  1,000  inhabitants. 

The  Philadelphia  division  of  the  Pennsylvania  Railroad,  which  is 
part  of  the  main  line  betAveeii  Philadeli)hia  and  Pittsburgh,  crosses 

'The  Lancaster  quadraiDjle  was  surveyed  jointly  by  (L  W.  Stose.  of  the  V.  S.  Geolocical  Sur- 
vey, and  Anna  I.  Jonas,  of  the  State  Survey.  This  report  was  prepared  by  them  in  coopera- 
tion wdth  the  Federal  Survey  and  is  published  by  the  State  Survey  as  a part  of  the  Atlas  of 
Pennsylvania. 
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tlie  southern  i)art  of  the  area,  i-unning-  nortlnvestward  through  Landis- 
ville  and  Mount  Joy  on  its  way  to  Harrisburg  and  the  west.  It  jiasses 
just  north  of  Lancaster  by  a cut-off  which  diverts  certain  through 
trains  from  that  city,  while  tlie  remainder  of  the  through  and  local 
trains  go  south  into  and  through  Lancaster,  rejoining  the  main  tracks 
northwest  of  the  city.  A site  for  a new  .station  in  the  northern  part 
of  the  city  has  been  selected  by  the  Pennsylvania  Railroad,  and 
when  the  station  is  built  the  present  station  and  tracks  in  the  city 
will  be  removed.  Another  line  of  the  Pennsylvania  Railroad  extends 
west  from  Lancaster  to  Columbia  and  York.  It  is  a branch  of  the 
old  Northern  Central  Railroad,  now  a i)art  of  the  Penmsylvania  Sys- 
tem, whose  main  line  connects  Baltimore  and  Harrisburg.  Formerly 
the  main  line  of  the  l^ennsylvania  Railroad  ran  from  Lancaster  to 
Columbia  and  thence  up  Sus(iuehanna  River  through  Marietta  to 
iMiddletown,  but  the  shorter  present  I’oute  ])asses  just  north  of  Lan- 
caster and  runs  northwest  through  iMount  Joy  and  Elizabethtown. 
Lancaster  is  the  terminus  of  the  New  Holland  branch  of  the  Pennsyl- 
vaina  Railroad,  which  runs  eastward  to  Honeybrook.  A freight  line 
of  the  Pennsylvania  Railroad  connects  Quarryville  with  Lancaster. 
The  Lancaster  branch  of  the  Philadelphia  & Reading  Railroad  con- 
nects at  Lancaster  Junction,  3 miles  south  of  Manheim,  with  the 
Columbia  division,  which  runs  east  from  Manheim  through  Lititz 
to  Ejdirata  and  Reading.  Manheim  is  the  junction  for  the  Lebanon 
and  Cornwall  branch,  which  runs  north  through  Mount  Hope. 

Lancaster  is  the  center  of  an  extensive  trolley  system  about  165 
miles  in  length  ojjerated  by  the  Conestoga  Traction  Co.  These  trolleys 
run  on  a half-hourly  or  hourly  schedule  from  Penn  Square  to  all 
the  surrounding  towns  of  the  county,  and  several  lines  extend  beyond 
the  county  boundaries.  They  run  west  to  Columbia  and  Marietta, 
southwest  to  Millersville,  .soiith  to  Quarryville,  and  ea.st  to  Gap,  Atglen, 
and  Coatesville,  30  miles  distant.  On  the  north  the.y  reach  Manheim 
and  Lititz,  and  on  the  northeast  a line  runs  to  Ephrata  and  Adams- 
town  with  a branch  to  Terre  Hill. 

Lancaster  is  the  center  also  from  which  the  inqjroved  highways  of 
the  area  radiate;  they  include  State,  State  aid,  and  county  roads. 
The  Lincoln  Highway,  which  connects  Philadelphia  with  the  West, 
passes  through  Lancaster  and  iMountville  and  extends  west  to 
('olumbia,  where  it  crosses  the  Susquehanna  on  the  bridge  of  the 
Pennsylvania  Railroad.  This  bridge  was  burned  in  1866  to  prevent 
the  Confederate  Army  from  advancing  toward  Philadel])hia  along 
this  old  toll  road,  then  known  as  the  Lancaster  Pike  and  lately  re- 
named the  Lincoln  Highway.  A concrete  highway  bridge  was  built 
across  the  Susquehanna  at  Columbia  by  York  and  Lancaster  Counties 
in  1930.  This  road  is  paved  with  bituminous  macadam.  A concrete 
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road  of  newer  eonstructio]i  leads  northwest  from  Laneaster  to  Mount 
Joy  and  thence  to  Harrisburg-.  Tlie  Qnarryville  road,  built  of  con- 
crete for  part  of  the  distance,  extends  southward  and  connects  with 
the  Philadelphia-Washington  road  south  of  the  State  line  in  i\Iary- 
land.  The  last  toll  road  in  the  vicinity  of  Lancaster,  taken  over  by 
the  State  in  1926,  extends  north  to  Lititz.  It  connects  by  State  aid 
roads  eastward  to  Ejihrata  with  the  Downingtown-llarrishnrg  High- 
way, which  crosses  the  northeast  corner  of  the  Lancaster  (inadrangle, 
passing  through  Elizabeth  Furnace  (ia]i  on  its  \\a\  to  ( oinvall.  In 
1925  the  State  built  the  unpaved  portion  of  the  Lancaster-Lebanon 
road  from  iMaidieim  to  the  Lebanon  (’onnty  line.  The  New  Holland 
road,  which  runs  to  Reading  by  way  of  Ejihrata,  extends  northeast  of 
Lancaster,  crossing  Conestoga  Creek  at  Rinkley.  1 he  ^Marietta  pike 
is  now  a secondary  jiaved  road  which  extends  west  of  Lancaster  through 
Silver  Spring  on  tlie  north  side  of  Chestnut  Hill. 

Besides  these  main  highways  there  are  many  imiiroved  roads  mad(‘ 
of  limestone  throughout  the  Lancaster  (piadrangle,  and  these  good 
roads  facilitate  travel  and  transiiortation  and  add  greatly  to  the  pros- 
perity of  the  region. 

Previous  Geologic  Work. 

The  first  geologic  work  in  the  region  was  done  by  Rogers  in  185S 
for  the  First  Geological  Survey  of  Pennsylvania.'  He  describes  the 
Lower  Cambrian  quartzite  series  as  “Primal  sand.stone’’  and  the 
overlying  limestones,  which  he  considered  ecpiivalent  to  the  Black 
River  and  Chazy  limestones  of  the  Xew  York  section,  as  “Auroral.” 
The  area  was  resnrveyed  by  the  Second  Geological  Survey  and  the 
results  are  shown  on  the  geologic  maji  of  Lancaster  ('onnty  by  Frazer,' 
published  with  the  county  report  in  1880.  This  report  separated 
“Eozoic”  gneiss  and  schist,  chloritic  slate,  Cambrian  quartzite,  and 
“Cambro-Silurian”  limestone,  slate,  hydro-mica  schist,  and  argillite 
overlain  by  IMesozoic  sandstone  and  shale  with  intrusive  trap.  In  1892 
Lesley’  republished  the  geology  in  his  summary  report.  In  189.‘1  Wal- 
cott^ undertook  a reconnai.ssance  of  the  Cambrian  rocks  between  Sus- 
quehanna and  Delaware  rivers  and  from  his  studies  of  that  area  es- 
tablished the  lower  ])art  of  the  limestone  series  as  Lower  ('ambrian 
and  the  underlying  Sco/d/nos-bearing  quartzite  series  also  as  Lower 
Cambrian  and  not  Potsdam  (Upper  Cambrian)  as  they  had  been  called 
by  Frazer  in  1880  and  Lesley  in  1892. 

Recent  Geologic  Work. 

Xo  further  geologic  work  was  done  in  this  area  until  the  present  snr- 

^Kogers,  11.  D..  Pennsvlvaiiia  First  Getl.  Survey.  Tliird  Kept.,  pp.  11-17,  1831). 

-Frazer,  Persifor.  Jr.,  Geology  ot  Lancaster  ('onnty;  Pennsylvania  Second  (Jeol.  Survey  Kept.. 
eCC,  1880.  . . . 

^Leslev,  J.  P..  Pennsylvania  Second  Geol.  Survey  Fin.il  Kept.,  vol.  1.  18. )L. 

^Walcott,  C.  !>.,  ('ambrian  rocks  of  Pennsylvania:  V.  S.  Geol.  Survey  lUill.  1.34.  IStMk 
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vey  was  begun  by  the  writers  in  1922.  They  completed  the  detailed 
geologic  mapping  (Plate  II)  of  the  Lancaster  quadrangle  during 
parts  of  the  field  seasons  of  1922  to  1926.  The  names  of  the  for- 
mations and  a brief  description  of  them  were  published  in  1922  in 
a preliminary  report^  based  on  the  work  of  the  writers  in  the  Lancaster 
quadrangle  and  in  adjoining  areas  to  the  ea.st,  west,  and  southwest 
and  the  work  of  E.  B.  Knopf  and  A.  I.  Jonas  in  the  McCalls  Ferry 
and  Quarryville  quadrangles,  which  lie  south  of  the  Lancaster  and 
New  Holland  quadrangles  respectively.  This  article  was  followed  a 
year  later  by  a descri])tion^  of  tbe  unconformable  relations  of  the 
Ordovician  Conestoga  limestone  to  the  older  Paleozoic  sedimentary 
rocks  in  the  Lancaster  and  adjacent  areas.  The  relations  of  the  pre- 
Cambrian  cry-stalline  schists  and  Paleozoic  rocks  of  Welsh  Mountain 
and  the  Mine  Ridge  upland,  east  and  sontheast  of  the  Lancaster  area, 
were  described  in  the  same  year  in  a discussion  of  the  crystalline 
schists  of  Pennsylvania  and  Maryland.^ 

In  1926  was  published  a geologic  map  of  the  New  Holland  quad- 
rangle,'* adjacent  on  the  east  to  the  Lanca.ster  quadrangle,  Avhich  was 
accompanied  by  a brief  geologic  description  of  the  rocks  of  the  area 
and  a report  on  the  mineral  products. 


SURFACE  FEATURES. 


Surface  Forms. 

The  area  comprises  in  part  a rolling  lowland  with  hill.v  country  in 
the  north  and  north-central  j^art  rising  to  small  mountainous  ridges 
at  the  northern  edge  and  the  rngged  hills  of  Chickies,  Chestnut,  and 
Manor  Hills  in  the  southwestern  part.  (See  PI.  I,  in  pocket).  These 
divisions  are  shown  on  the  topographic  and  geologic  maps  by  the  il- 
lations of  the  contour  lines,  printed  in  brown,  which  are  closest  together 
in  the  hilly  areas,  where  the  slopes  are  steepest  and  the  differences  in 
heights  are  greatest,  and  farthest  a])art  in  the  more  nearly  level  country. 
Each  of  the  spaces  between  adjacent  contour  lines  rejiresents  a differ- 
ence in  altitude  of  20  feet,  and  every  fifth  contour  line  is  drawn  heavier 
and  numbered  to  indicate  altitude  in  feet  above  sea  level.  The  contour 
lines  therefore  indicate  lioth  heights  above  sea  level  and  steepness  of 
slope.  They  .show  also  the  shapes  of  the  hills  and  valleys.  The  topo- 
gra])hy  was  surveyed  in  1902  by  the  United  States  Geological  Survey  in 
cooperation  with  the  State  of  Pennsylvania. 

^St'se.  G.  W.  and  Jonas,  A.  I..  The  Lower  Paleo'/oic  section  of  southeastern  Penns.vlvania : 
Washinjfton  Acad.  Sei.  Jour.,  vol.  12.  No.  15.  Sept.  Ih.  1922. 

■“^Stose.  G.  \V.,  and  Jonas.  A.  I..  Ordovician  overlap  in  the  Piedmont  province  of  Pennsylvania 
and  Maryland:  Geol.  Soc.  America  Bull.,  vol.  pp.  507-524.  September  1923. 

^Knopf.  E.  B.,  and  Jonas.  A.  I..  Stratigraphy  of  tlie  crystalline  schists  of  Pennsylvania  and 
Maryland:  Am.  Jour.  Sci.  5th  series  vol.  1.  pp.  40-(51.  January.  1928. 

■*Jonas.  A.  I.,  and  Stose.  G.  W..  Geology  and  mineral  resofirces  cf  the  New  Holland  (|uad- 
rangle.  Pennsylvania:  Pennsylvania  Geol.  Survey.  4th  ser..  No.  178.  pp.  1-89.  1920. 
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Altitude  of  the  region. 

The  highest  part  of  the  area  is  Elizabeth  Furnace  Hill,  west  ot  tlu* 
gap  of  Hammer  Creek,  in  the  northern  part  of  the  (luadrangle.  'Phc 
highest  point  on  this  ridge  is  1200  feet  above  sea  level,  SO  feet  highei' 
than  Governor  Dick  Hill,  4 miles  west  of  it.  These  hills  extend 
almost  due  east,  and  east  of  Hammer  Creek  they  pass  northeastwai’d 
out  of  the  tpiadrangle.  They  are  bordei’ed  on  the  south  by  lower 
hills  northwest  and  south  of  Manheim,  which  have  altitudes  between 
500  and  600  feet;  a southern  line  of  these  lower  hills  forms  Kissel  Hill. 
The  combined  belt  of  higher  and  lower  hills  foions  east-west  ridges 
which  sepai’ate  Lebanon  and  Lancaster  valleys. 

Another  range  of  hills  with  altitudes  from  500  to  600  feet,  known 
as  Chickies  and  Chestnut  hills,  extends  from  Snstpiehanna  Kiver  east- 
ward toward  Lancaster.  The  Fruitville  hills,  north  of  Lancaster, 
are  an  eastward  continuation  of  Chestnut  Hill  at  a somewhat  lowei- 
altitude.  Southwest  of  Mountville  is  another  line  of  hills,  called  the 
IManor  Hills,  which  extend  to  the  river  with  an  altitmh'  of  500  to 
600  feet.  The  rest  of  the  area  is  a rolling  lowland  with  an  average 
summit  level  of  400  feet.  This  lowland  comprises  the  fertile  Lititz, 
IMount  -Toy,  and  Tjancaster  valleys.  The  streams  have  cut  valleys 
about  150  feet  deej)  in  this  lowland,  and  Conestoga  Creek  has  i-educed 
the  valley  surface  to  200  feet  above  sea  level  at  the  southeim  edge  of 
the  fpiadrangle.  This  is  the  altitude  also  of  the  valley  of  Susquehanna 
River  at  Washingtonboro. 

The  summits  of  Elizabeth  Furnace  Hill,  Chestnut  Hill,  and  tin* 
Fruitville  hills  are  for  the  most  ]iart  wooded  with  small  trees  and 
low,  thick  undergrowth.  The  rest  of  the  ai-ea  comi)rises  well-cleared 
farming  lands,  Avhich,  owing  to  the  fertility  of  the  soil,  the  mild 
and  moist  climate,  and  the  skill  of  the  farmers,  form  ])art  of  one  of 
the  greatest  agricultural  sections  of  the  Fnited  States,  locally  called 
“the  garden  s])ot  of  America.’’ 

Drainage. 

Conestoga  Creek,  which  drains  more  than  one-thii-d  of  Tjancaster 
County,  flows  through  the  southeast  corner  of  the  Lancaster  (piad- 
I’angle  in  a meandering  course,  ou  its  way  to  Suscptehauna  Kivei'  at 
Safe  Harbor,  7 miles  .southeast  of  Washiugtonboro.  Two  of  its 
larger  tributaiues  flow  across  the  (piadi'angle.  Hammei-  Creek,  which 
heads  north  of  Elizabeth  Furnace  Hill  in  Jjebanon  County,  flows 
southeastAvard  across  the  northeast  corner  of  the  fiuadrangle  into 
Cocalico  Creek,  a tributary  of  the  Conestoga.  Little  Cone.stoga  Ci-eek 
heads  in  the  hills  south  of  Maidieim  and  floAvs  sontliAvard  aci-o.ss  the 
quadrangle,  passing  out  of  it  before  joining  the  Conestoga.  Chickies 
Creek  and  its  main  tributary  Little  Chickies  Creek  drain  the  Avesteru 
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part  of  the  quadrangle.  Tliey  unite  a mile  north  of  Chiekies,  -where 
they  enter  Suscjuehanna  Kiver.  Thi.s  river  crosses  the  southwest  corner 
of  tlie  Lancaster  (piadrangh'  and  forms  the  boundary  between  York 
and  Lancaster  couj-ities. 


THE  ROCKS. 

The  Lancaster  quadrangle  contains  rocks  of  both  sedimentary  and 
igneous  origin.  The  sedimentary  rocks  consist  of  conglomerate,*  sand- 
•stone,  shale,  and  limestone.  Some  of  these  rocks  have  been  hardened 
by  heat  and  pressure  and  l)y  the  addition  of  cementing  material, 
have  been  recrystallized  into  cpiartzite,  slate,  phyllite,  and  crystalline 
limestone  or  marble.  Indurated  and  altered  rocks  of  this  type  belong 
to  the  Cambrian  and  Ordovician  systems  and  cover  five-sixths  of  the 
surface  area.  Most  of  these  rocks  are  limestone,  which  forms  the  chief 
mineral  i)roduct  of  the  region.  The  younger  Triassic  sedimentary 
rocks,  which  cover  the  northern  sixth  of  the  area,  have  been  little 
altered  since  their  formation  and  consist  of  slightly  com])acted  con- 
glomerate, sandstone,  and  shale.  (See  Fig.  2.).t 

The  igneous  rocks  are  rej)resented  chiefly  by  Triassic  diabase,  which 
is  the  youngest  rock  in  the  area.  The  diabase  was  intruded  between 
Triassic  sedimentarj’  beds  as  sheets  or  sills  and  was  forced  into  long 
vertical  fissures,  forming  dikes,  which  are  now  exposed  at  the  surface 
by  erosion  and  removal  of  the  overlying  rocks.  A few  small  dikes  of 
pegmatite  of  I’aleozoic  age  also  occur  in  the  quadrangle. 

(Jeneral  charncter  of  outcrops.  The  sedimentary  rocks  were  deposited 
in  seas  oi‘  lakes  in  a nearly  horizontal  position,  biit  at  the  present  time 
none  of  them  lie  in  this  position.  The  least  disturbed  rocks  are  the 
Triassic  formations,  which  have  been  tilted  gently  northwestward  but 
are  not  folded ; the  older  rocks  of  the  area,  belonging  to  the  Cambrian 
and  Ordovician  systems,  are  in  most  places  steei)ly  inclined  and  are 


•Some  of  these  words  are  dehneil  in  tlie  tilossary  at  the  end  of  the  book.  (G.  II.  A.) 

tThe  Pennsylvania  Geological  Survey  has  adopted  a time  scale  for  use  in  its  publications 
differing  in  some  points  from  that  used  by  the  U.  S.  Geological  Survey  which  has  been  fol- 
lowed by  the  authors  in  the  preparation  of  this  text.  Tlje  U.  S.  Geological  Survey  divides  the 
rocks  into  ten  systems  and  geologic  time  into  ten  periods.  The  .‘•ubdivisions  of  a system  mav 
be  called  a series,  a group,  or  a formation,  according  to  local  circumstances.  These  periods 
are  recognized  as  of  unequal  length.  There  is  a growing  practice  among  recent  authors  to 
subdivide  some  of  the  larger  of  these  old  jferiods  in  order  tliat  the  word  period  may  have  more 
definite  and  more  nearly  equivalent  meaning.  In  accordance  with  this  trend  the  Pennsylvania 
vSurvey  has  followed  modern  fisage  and  adopted  15  periods  in  place  of  10,  naming  them  from 
First  to  Fifteenth,  and  to  the  rockS'  laid  down  during  each  of  these  periods  has  given  15  system 
names,  following  in  general  the  usage  of  recent  authors. 

Having  adopted  names  for  15  periods  (and  systems)  the  Pennsylvania  Survey  has  next 
assumed  that  each  period  is  composed  of  three  approximately  equal  “epochs,”  and  that  any 
and  all  rocks  laid  down  during  any  epoch  comprise  a “series.”  Again  each  epcch  has  been 
assumed  to  be  made  up  of  three  smaller  time  units,  called  “decims.”  the  equivalent  rocks  being 
called  a “group.”  A groiip  is  made  up  of  “members,”  (if  of  different  kinds  of  rocks),  or  of 
single  beds  of  rock  of  moderate  thickness.  In  the  above  table  Ledger  dolomite,  Kinzers  (“for- 
mation”) member  and  Vintage  dolomite  are  by  the  State  Survey  treated  as  three  members  of 
the  Tomstown  group,  and  in  strictly  State  publications  would  be  designated  Tomstown  (Ledger) 
dolomites,  the  group  name  being  used  in  all  names  to  indicate  the  stratigraphic  positions  for 
there  are  relatively  few  groups,  but  thousands  of  named  members  or  individually  named  strata. 

The  effort  of  the  State  Survey  has  been  to  set  up  a standard  time  scale  of  large  and  small 
units,  in  which  the  units  of  a class  are  assumed  to  be  of  equal  length  and  then  as  far  as  possible 
to  fit  the  rock  section  to  this  standard  scale.  The  State  Survey  retains  the  term  “formation”  for 
any  mappable  unit  of  rocks  regardless  of  size.  (G.  R.  A.) 
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folded  into  long;,  wide  troughs  or  syiiclines  and  nari’ow(“r  arches  or 
anticlines,  which  trend  sonth  of  west.  Iw  tlie  softer  rocks  the  pi-essure 
that  produced  the  folding  has  given  rise  also  to  a secondary  sti'uctnrc 
called  cleavage,  which  has  jiartly  obscured  the  l)edding  and  is  inclined 
at  various  angles  to  it.  The  rocks  have  not  only  been  folded  but  lia\’e 
been  dislocated  from  their  normal  position  by  faults,  so  that  l)cds  ai'c 
rejmated  in  outcrop  at  some  places  and  concealed  or  missing  at  others. 

After  being  folded  and  broken  the  rocks  wei'e  worn  down  l)y  ])ro- 
cesses  of  atmospheric  decay  and  erosion.  The  harder  rocks — the  tpuirtz- 
ite,  slate,  conglomei-ate,  and  sandstone — are  exposed  in  the  hills. 
Avhich  are  caused  by  the  resistance  of  these  rocks  to  erosion.  The 
softer  argillaceous  rocks  and  soluble  limestone  and  dolomite,  because 
they  are  easily  worn  down  and  dissolved,  occup.v  the  lowlands  that 
form  a large  part  of  the  Lanca.ster  quadrangle.  The  lowlands  underlain 
by  limestone  are  covered  b.v  a deej),  fertile  clay  soil,  which  is  the 
residuum  of  insoluble  material  in  the  limestone,  and  natural  outcrops 
occur  chiefly  along  streams  or  on  the  steeper  slopes  of  hills, 
duckies  and  C'one.stoga  creeks  and  their  larger  tril)utaries  have  cut 
valleys  into  bedrock  and  furnish  many  good  outcro])s  of  the  formations 
which  they  cro.ss.  South  of  Columbia  there  are  good  exposures  of 
the  rocks  on  the  left  bank  of  Susciuehanna  Kiver,  which  crosses  tlie 
strike  of  the  formations  on  its  way  southeast  to  Chesai)eake  Hay. 

SKDIMENTARY  ROCK.S. 

CAMBRIAN  SYSTEM. 

The  Cambrian  system  is  com])osed  of  a lower  sandy  .series  and  an 
upper  limestone  series.  The  sandy  series  compid.ses  in  ascending  oiahu- 
the  duckies  quartzite  with  the  Hellam  conglomerate  member  at  the 
base,  the  Harpers  phyllite,  and  the  Antietam  quartzite,  including  (piartz 
schist.  The  lime.stone  series  comprises  in  ascending  order  the  Vintage 
dolomite,  Kinzers  formation,  Ledgei-  dolomite,  Fllbrook  limesto7ie,  and 
Conococheague  limestone. 


Chickies  Quartzite. 

Character  and  thickness.  The  Chickies  (|uartzite  is  the  oldest  forma- 
tion exposed  in  the  Lancaster  quadrangle.  Its  basal  member,  the  Ilel- 
1am  conglomerate,  which  is  the  base  of  the  f'ambrian  system,  is  not 
brought  to  the  surface  in  the  quadrangle  but  is  exposed  .'5  mih's  to  the 
west,  in  the  Hellam  Hills,  west  of  Susquehanna  River.  Because  of  its 
hardness  and  resi.stanee  to  erosion  the  Chickies  (piartzite  forms  the 
summits  of  Chestnut  Hill,  Chickies  Hill,  and  the  iManor  Hills.  It  is  a 
thick-bedded,  light-colored,  vitreous  ((uartzite  in  which  the  individual 
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PLATE  III 


A.  Sus<|iiehanna  River  ftap  al)<)ve  ('oluiiibia.  Chiokies  Rock  and  Chestnut 
Hill  at  ri{>ht  in  distanee,  Hellani  Point  at  left. 


H.  Cliiekies  Rock,  an  antieline  of  Chiekies  <niart/.ite,  from  Hellani  Point, 

aeross  the  .Susquehanna. 
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quartz  grains  are  not  iu)ticeal)le.  The  upper  part  of  the  (piartzite  is 
thin-bedded  to  schistose,  with  sericite  partings  and  interl)edded  tliin 
black  slate,  and  contains  quartz  grains,  clear  white  to  blue  or  milky 
white.  These  upper  beds  disintegrate  into  tine  white  clayey  saml, 
which  is  extensively  quarried  for  huildiug  and  jdaster  sand  on  (’hest- 
nut  Hill. 

At  Oyster  Point,  the  east  end  of  the  higher  part  of  Chestnut  Hill, 
a quarry  exposes  about  35  feet  of  tlie  upper  part  of  the  formation, 
a crumbly  white  *SVo/i7/nos'-bearing,  thin-bedded  quartzite  and  quartz 
schist,  with  white  clay  or  sericite  i)artings.  In  an  abandoned  (piarry 
on  top  of  duckies  Hill,  1 mile  east  of  Kinderhook  (see  PI.  IV,  A) 
the  following  detailed  section  of  these  upper  beds  of  the  formation 
was  measured  : 


i^ecfioii  of  upper  part  of  ('hichieu  iiuorlxile  in  Kinderhook  xund  quorrp. 


Mas.sive  white  (juartzite,  s(»mewliat  stained  red  

Thin-bedded  crnnibly  Seolithii.s-hearms  (jnartzite  stained  ijnrple  on 

weathering  

White  to  gray  thin-bedded  ernmhly  »S'fo/(7/i»s-hearing  ijiiart/ate 

(quarried)  

Hard  vitreous  wliite  i]uartzite  with  fine  glassy  quartz  grains  (too 

hard  to  work ) 

White  to  gray  crninhly  »SVYd(7/MOs-hearing  quartzite  (quarried)  .... 
[Massive  liard  white  vitreous  (inartzite,  with  clear  (inartz  grains 
(too  hard  to  work)  


Feet. 

l.T 


S 


;> 
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At  duckies  Rock,  a bold  rocky  ])romontory  on  the  Susquehanna 
just  west  of  the  (piadrangle  (see  PI.  HI,  P),  there  is  exitosed  in  the 
cliff  a thickness  of  about  170  feet  of  massive  vitreous  white  tjuartzitt*, 
which  contains  long,  slender  SeoUfliHs  tubes,  more  ])lentiful  in  the 
upper  part. 

A samitle  of  quartzite  from  duckies  Rock,  on  the  Sustpiehanna, 
has  the  following  comi)f)sitiou  : 


Anah/sis  of  qniirizile  from  ('hiekiex  l\oek.* 


Si( » 

Fed':,  

A1..0,,  

CaO  

MgO  

1(M).14S 

The  ^cohthus  tubes  in  the  (piartzite  are  casts  of  borings  mnde  by 
worms  in  the  sand  on  the  shores  of  an  ancient  sea  and  filled  with 
sand  and  hardened,  so  that  they  now  ap|)ear  as  sand-tilled  tubes  at 
right  angles  to  the  IxHldiug.  (See  PI.  IV,  H). 

The  basal  Hellam  conglomerate  member,  which  is  not  exposed  in  the 
Lancaster  (piadrangle  but  crops  out  across  Susipiehaiuia  Rivei-  in  the 

*H.v  A.  S.  MoCrrafli,  PrniiK.vIviniin  Seioiid  Geol.  Survey  Final  Kent.,  Vnl.  ],  ij.  171,  l,S!lg. 
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PLATE  IV' 


A.  Massiv*^  Ix'ds  of  Chiokios  (luartzite  in  quarry  1 mile  east  of  Kiiiderhook. 


IL  Seolitluis  tul)es  in  Lower  ( anihrian  (luartzile 
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higher  ridges  of  the  Hellam  Hills,  is  a grainy  (luartzite  eontaiiiing  clear, 
glassy  bine  quartz  grains  and  pink  feldsj)ar  fragments,  and  pebble 
beds  interbedded  with  thin  sericitic  quartzite  and  dark  shiny  slate. 
In  the  Hellam  Hills  this  member  contains  beds  of  ronnded  (piartz 
cobbles  as  large  as  10  inches  in  diameter. 

A composite  section  of  the  (’hickies  (piartzite,  including  the  basal 
Hellam  conglomerate  member,  in  the  Hellam  Hills,  Chickies  Hill,  and 
Chestnut  Hill,  is  as  follows; 


Coin section  of  ('hickies  (Juarfxite. 

Ft'ct 

Upner  jiart  chiefly  flue  white  sericitic  ijuartzite 
with  (juartz  gi’iiins  in  a ((iiartzose  matrix  con- 
taining some  feldspar,  interbedded  with  thin 
black  slate:  lower  part  hard  white  (piartzite;  in 
most  places  the  (piartzitt'  is  Scolithus-henrinji 
throiiKhout  gOn 


Hellam 

conglomerate 

member 


Coarse  sericitic  (piartzite  with  blue  (piartz  grains 
and  pebbles  and  coarse  conglomerate  at  the  to]) 
. r>ark  blue  to  black  slate  and  interbedded  sericitic 
greenish  (piartzite  with  bine  (piartz  grains  and 
small  jiebbles  of  (juartz  and  slate  
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The  Chickies  formation  in  the  Hanoi-  Hills.  2 miles  south  of 
Columbia,  is  largely  a black  shiny  fi.ssile  slate  with  many  thin  quartzite 
plates  and  leaves  and  some  thicker  quartizite  beds.  This  phase  is 
characteri.stic  of  the  formation  throughout  the  region  south  of  the 
Lancaster-Hanover  valley,  where  the  term  Chickies  formation  is  more 
appropriate  than  ijuartzite  and  is  so  used  on  the  geologic  maj).  The 
rock  is  well  exposed  in  a series  of  old  quarries  along  the  river  bluff, 
but  secondary  cleavage  obseures  the  bedding  in  most  jilaces  so  that 
the  sequence  and  thickness  of  the  beds  cannot  be  clearly  determined. 
The  apparent  .seijuence  in  descending  order  seems  to  be  as  follows: 


fteqiienee  of  beds  in  the  Chickies  formation  in  the  ffunor  Hitts. 
Thicker  (piartzite  beds  and  slate. 

Thin-bedded  (piartzite  with  many  dark  slate  partings. 

Black  shiny  sericitic  slate  with  nnmerons  thin  platy  leaves  of 
gray  to  rusty  (piartzite. 

Sandy  gray  phyllitc  or  sheared  (piartzite. 


The  quartzite  beds  are  much  thinner  than  those  in  the  main  (juai-tz- 
ite  belt  on  Cbestnut  Hill,  and  no  Scolifhus  tubes  were  seen  in  them. 

Di.'ttribittioti  and  stnictura!  relations.  The  Chickies  quartziti-  i.s  ex- 
posed in  the  core  of  the  anticlinal  uplifts  of  Chickies  and  Clu^stnut 
hills.  The  anticlinal  attitude  is  clearly  shown  at  Chickie.s  Rock  (.see  Pis. 
Ill,  B and  V,  A).  This  anticline  of  quartzite  extemls  east  into  the 
Lancaster  quadrangle,  where  it  is  composed  of  several  smaller  anti- 
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PJiATK  V 


A.  Anticlinal  sii-ucttirc  of  t’liickies  Hock. 

]>y  I), 


H.  Small  ovei'tui'iicd  anticline  of  C’hickies  quartzite  in  Harpei'S  pliyllite 
on  east  side  of  Susquehanna  Rivei-  south  of  C'hickies  Rock. 


HARPERS  PHYLLITE 


dines  that  form  ridges  and  spurs  extending  eastward  to  Silver  Spring 
(See  PI.  V,  B). 

The  quartzite  forms  another  ridge,  disjointed  by  several  cross  faults, 
which  marks  the  crest  of  Chestnut  Hill  eastward  to  the  (Marietta  road. 
This  anticlinal  ridge  has  the  Harj)ers  ])hyllite  on  both  flanks.  In  the 
hills  north  of  the  Marietta  road  the  quartzite  makes  no  prominent 
ledges,  and  the  hilltops  where  the  quartzite  crops  out  are  cultivated. 
In  the  vicinity  of  (Marietta  Junction  several  small  up-faulted  mass('s 
of  duckies  quartzite  form  rock  hills  in  the  limestone  lowland. 

In  the  (Manor  Hills  the  Chiekies  formation  is  exposed  in  the  centtu- 
of  the  main  anticlinal  uplift  and  forms  the  southern  ridge.  The  north 
limb  of  the  fold  is  faulted  oft"  by  a strike  fault. 

Age  and  correlation.  The  formation  was  named  from  the  couspicTi- 
ous  elitfs  at  duckies  Rock,  on  the  Susquehanna,  just  above  Columbia. 
Xo  fossils  except  Scolifhus  tubes  have  been  found  in  it,  but  it  is  re- 
garded as  of  Lower  Cambrian  age  because  it  is  part  of  a conformable 
series  of  sandy  rocks  the  upper  beds  of  which  contain  fossils  of  that  age. 

Harpei-s  Phyllite. 

Character  and  thickness.  The  Harpers  phyllite  overlies  the  duckies 
quartzite  and  is  exposed  on  the  Hanks  of  Chestnut  Hill  and  duckies 
Hill  and  in  the  Manor  Hills,  south  of  Columbia.  It  is  a grayish-gre(‘n 
quartzose  ])hyllite  and  dark  .slate  containing  some  biotite.  Because  of 
well-developed  cleavage  its  bedding  is  observable  at  few  places,  and  its 
thickness  can  not  be  measured.  It  is  estimated  to  be  about  1,000  feet 
thick.  It  breaks  up  on  weathering  to  shaly  fragments,  and  fresh  ex- 
posures are  seldom  seen.  Its  best  expasure  is  on  the  top  and  north 
side  of  Chestnut  Hill,  where  dark  slate  banded  with  white  i)re- 
dominates. 

I Hst  rib  lit  ion.  The  formation  occurs  on  both  Hanks  of  Chestnut  Hill 
from  Cordelia  to  Oyster  Point.  North  of  the  Marietta  road  it  forms 
the  tops  of  cultivated  hills,  and  its  outcro])s  are  hidden  by  soil.  It  is 
exposed  in  the  ravines  on  the  south  side  of  duckies  Hill  southeast  of 
Kinderhook.  Where  mapped  between  the  duckies  and  Aiitietam  for- 
mations on  the  south  slopes  of  the  (Manor  Hills  it  is  [loorly  exposed. 

Age  and  correlation.  The  formation  was  named  from  its  outcrops  at 
Harpers  Perry,  W.  Va..  on  Potomac  River,  where  it  is  a shal<‘,  being 
less  metamorphosed  than  the  rock  in  the  Lancaster  area.  Xo  fossils 
have  been  foiuid  in  it,  but  it  is  cla.ssed  as  Lower  Cambrian  because  it 
conformably  underlies  the  Antietam  quartzite,  which  contains  fossils 
of  that  age.  The  Harpers  formation  has  been  traced  from  its  ty])e 
locality  into  Pennsylvania,  in  South  (Mountain  and  along  the  Pigeon 
Hills  and  Hellam  Hills  into  the  Lancaster  area. 


LANCASTER  QUADRANGLE 


Antietani  Quartzite.  =1= 

('haracter  (DhI  thickness.  The  Plarpers  phyllite  grades  upward  into 
tlie  Autietaiu  (jiiartzite,  wliieli  is  the  upper  foruiatiou  oi'  the  Lower 
('ambrian  sandy  series.  Tlie  Antietani  (juartzite  is  light-gray  ((uartzite- 
and  biotite-bearing  (quartz  phyllite,  with  calcareous  ferruginous  vitre- 
ous granular  (piartzite  at  the  top.  These  calcareous  beds  weather 
to  a dark-red  ferruginous  soil  containing  numerous  slabby  fragments 
of  jiorous  rusty  white  (luartzite,  which  when  split  open  .show  on  their 
bedding  surfaces  rusty  molds  of  the  round  shell  OholeJIa  and  spines 
and  other  fragments  of  trilobites.  This  red  soil  with  its  character- 
istic quartzite  fragments  is  an  excellent  horizon  marker  for  the  to]i 
of  the  Lower  (’ambrian  sandy  series.  Tlie  iron  content  of  these  upper 
quartzites  was  jirobably  originally  deiiosited  as  carbonate,  Avhich  is 
readily  soluble  in  meteoric  Avaters,  and  Avhen  tbe  rock  Aveathers  at 
the  surface  the  iron  is  concentrated  in  the  form  of  limonite  deposits 
in  the  soil.  The  larger  ore  deposits,  Avhich  haA'e  been  extensh’ely 
mined,  occur  along  fault  zones  Avhere  underground  Avater  circulates 
most  freely.  Some  of  the  most  productive  limonite  deposits  of  thi.s 
type  in  the  area  Avere  located  Avest  and  soutlnvest  of  Silver  Spring. 

The  Harpers  ]ihyllite  grades  so  gradually  into  the  (|uartz  phillite  of 
the  loAver  part  of  the  Antietani  (piartzite  that  it  is  difficult  to  decide 
Avhere  to  jilace  the  boundary,  especially  Avhere  the  rocks  lie  at  low 
angles,  as  they  ajipear  to  on  the  hills  north  of  the  iMarietta  road.  The 
rock  fragments  in  the  soil  of  the  cultiAuited  fields  on  the  tops  of  these 
hills  consist  of  a sandy  jihyllite  which  contains  so  much  quartz  that  it  is 
classed  as  Antietani  and  mapped  Avith  the  ferruginous  quartzite  of 
the  Avell-defined  Antietani  on  the  flanks  of  the  hills.  On  account  of 
this  graduation  it  is  diftfcnlt  to  determine  the  thickness  of  the  Antietani 
in  the  Lancaster  quadrangle.  It  is  estimated  from  the  di))  of  the 
rocks  and  the  Avidth  of  the  oiitcro])  to  be  about  300  feet.  In  York 
County,  Avest  of  the  Su.scpiehanna,  the  formation  is  favorably  exposed 
in  .stream  valleys  on  the  .south  flank  of  the  uplift,  Avhere  the  folloAV- 
ing  section  Avas  measured : 


fSrciifiii  of  A nf  icfii III  iiiiiirixite  1 m ile  leesf  of  W riijhfsrillc, 
York  ('oinitji.  I’li. 


Feel 


Iinpiiro  kiiott.v  blui'  doloniitt*  (Vintage)  

Rusty-weathcring  qnart/.ite  10 

Very  sandy  dolomite  or  calcareous  quartzite,  weathering  to  a buff 

sandstone  50 

Slabby  coarse  granular  quartzite  with  rusty  fossiliferous  partings  . . 50 

Banded  impure  line-grained  (piartzite.  weathering  to  light-colored  gran- 
ular blocks,  and  probably  interbedded  quartz  schist,  poorly  ex- 
posed   150 

Sandy  gray  phyllite  or  schist  (Harpers)  
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South  of  Columbia  the  upper  ferruginous  fossil iferous  cpiartzite  so 
typical  of  the  Autietam  is  generally  present  ami  was  the  means  of 
the  recognition  of  this  formation  there.  At  the  iMountville  brick  (piarry 
these  ferruginous  beds  weather  to  a ferruginoiis  .sandy  clay  from  which 
an  excei)tionally  handsome  maroon  brick  is  made.  The  lower  beds 
of  the  Antietam  are  finely  exjio.sed  in  an  old  (piarry  where  West 
llranch  of  Conestoga  Creek  cuts  through  the  iMountville  Kill  anticlim*. 
This  fresh  rock  is  a hard  light-gray  fine  biotitic  ipiartz  phyllite. 

Another  fresh  exjiosure  of  the  upper  beds  of  the  Antietam  is  in  the 
Susipiehanna  iliver  blulf  on  the  south  Hank  of  the  Xoi'th  i\Ianoi'  Hill 
anticline,  just  south  of  Columbia.  The  section  here  is  as  follows; 

of  A iiliotiiiii  i/iKirtzHe  south  of  < 'ol k nihiii. 

Feet 


Lislit-colored  (lolomite  (ViiiUiye)  

Fine-grained  light-gray  fossiliferini.s  grainilar  (luartzite  with  glassy 
grains,  containing  pyrite,  jirohaldy  derived  from  original  iron 

carbonate,  weathering  to  rotten  ferruginous  porous  rock  10 

Fine-grained  gray  ijuartzite.  in  la.vers  1 to  4 feet  thick,  with  beds 

of  ferruginous  fossiliferous  ipiartzitc  gO 

AVell-bedded  liue-grained  gray  (juartzite  15 

Kluish  schistose  fine-grained  .sandstone,  stained  rusty ; bedding  in- 
distinct   20O± 


255  ± 

Distribution  and  strueturat  relations.  The  Antietam  quartzite  crops 
out  on  the  south  side  of  Chestnut  Hill  along  its  whole  length.  At  the 
west  edge  of  the  (luadrangle  it  forms  the  south  face  of  the  hill  north 
of  Columbia,  on  which  a cemetery  is  located.  This  band  is  offset  about 
a mile  northeastward,  nearly  to  Cordelia,  by  a diagonal  fault.  It  makes 
the  lower  southern  slope  of  Chestnut  Hill  to  the  ^Marietta  highway  but 
this  strijf  is  also  offset  at  several  places  hy  diagonal  faults.  It  forms 
most  of  the  east  end  of  Chestnut  Hill  north  of  the  Marietta  highway 
and  the  larger  hill  that  extends  north  of  Centerville.  A small  up- 
faulted  mass  makes  a hill  in  the  lime.stone  valley  near  Marietta  Junc- 
tion. An  anticline  brings  uj)  a long,  narrow  band  of  the  formation 
in  the  area  of  Vintage  dolonute  south  of  Silver  Spring. 

A long,  narrow  anticlinal  mass  of  the  Antietam  (piartzite  forms  the 
Fruitville  Hills  and  is  sharply  offset  at  Pruitville  by  a cro.ss  fault. 
Several  scattered  small  sandstone  masses  in  the  \dntage  dolomite  area 
to  the  east  are  anticlines  of  the  same  formation  which  do  not  rise  so 
high.  They  are  part  of  an  anticlinal  horst,  to  be  described  later. 
Another  anticline  in  a similar  anticlinal  horst  brings  the  Antietam 
(juartzite  to  the  surface  in  a short  ridge  northeast  of  Binkley. 

The  prominent  hill  south  of  iMountville  is  a rather  symmetrical 
anticline  of  the  Antietam  formation.  Another  nearly  symmetrical 
anticljne  forms  the  north  ihdge  of  the  iManor  Hills  ju.st  south  of 
Btrickler  Run.  The  Antietam  formation  is  again  exposed  on  tlie  south 
flank  of  the  Manor  Hills,  offset  by  a fault,  and  in  an  elongated  faulted 
anticline  that  reaches  eastward  to  Little  Conestoga  Creek. 
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Age  and  correlation.  The  foniiation  was  named  from  Antietam 
Creek,  near  Sliarpsburg,  Md.,  where  the  formation  is  well  exposed  in 
the  foothills  of  Elk  Monntain.  It  has  been  traced  continuously  to  the 
northeast  end  of  South  Mountain  in  Pennsylvania  and  has  been  ob- 
served in  the  Pigeon  Hill  and  llellam  Hills  in  the  same  relations  and 
with  the  same  character  as  in  the  Lancaster  cpiadrangle.  The  fossil 
shell  Obolella  and  spines  and  fragments  of  trilobites  have  been  found 
in  the  upper  ferruginous  beds  in  the  Fruitville  Hills  and  at  many  other 
places.  On  the  south  slop<‘  of  the  Hellam  Hills  in  York  County,  just 
west  of  the  Susquehanna,  Walcott’  collected  fossils  identified  as  Cam- 
arella  minor,  Obolella,  cf.  crassa,  and  many  fragments  of  Olenellus 
thompsoni  (Hall).  These  fossils  are  of  Lower  Cumbrian  age. 

yintage  Dolomite. - 

Character  and.  thickne.ss.  The  calcareous  (piartzite  at  the  top  of  the 
Antietam  grades  uj)ward  through  a white  sericitic  siliceous  dolomite 
into  gray  dolomite  typical  of  the  overlying  Vintage  dolomite,  which  is 
the  lowest  of  the  Paleozoic  limestones.  The  Vintage  dolomite  comprises 
in  general  a heavy-bedded  gray  dolomite,  which  weathers  to  a whitish 
chalky  surface,  and  a knotty  dark-blue  dolomite  with  hard  argillaceous 
beds  and  partings.  Some  of  the  beds  are  sparkling  gray  to  blue,  mottled 
with  lighter  or  darker  siliceous  and  calcareous  blebs  that  stand  out  in 
relief  on  the  weathered  surfaces.  The  impure  basal  beds  are  a cream- 
colored  to  pinkish-white  fine  grained  marble,  in  places  micaceous,  Avhieh 
contains  sphalerite  at  one  ])lace  in  the  Manor  Hills  and  is  a distinctive 
liorizon  marker  generally  recognizable  by  its  lithologic  character.  The 
tlolomite  weathers  to  a characteristic  dark-red  or  maroon  granular  soil 
with  few  rock  exposures.  The  best  exposure  of  the  formation  in  the 
region  is  in  the  cut  of  the  Pennsylvania  Railroad  at  Vintage,  13  miles 
southeast  of  Lancaster,  where  the  following  section  was  measured : 

t^ecfion  ill  cut  of  the  Peniisylvunia  Raitroiid  west  of  Yintage,  Pa. 

Feet 

Kiiizers  forinatioii  : 

Dark  {■■ra])hitic  shale. 

Argillacecm.s  dolomite  with  dark  carbonaceous  partings  ; weath- 


cr.s  to  earthy  rock  or  tripoli  in  which  fo.s.sils  are  evident  . . 7 

Vintage  dolomite: 

Light-gray  massive  dolomite  without  bedding  33 

Covered;  probably  dolomite  100±: 

Massive  sparkling  gray-blue  mottled  dolomite;  weathers  chalky 

with  siliceous  and  calcareous  blebs  in  relief  30 

lilue  dolomite,  wavy  bedding,  with  micaceous  partings  25 

Thin  micaceous  shale  5 

Blue  argillaceous  dolomite;  weathers  to  thin  slivers,  with  some 

blue  massive  dolomite  bands  15 

Granular  dolomite,  light  gray  mottled  with  blue,  in  5-foot  beds  35 


iWalcott,  C.  1).,  Cambrian  rocks  cf  Pennsylvania:  U.  S.  Geol.  Surv.  P.ull.  i;t4.  u.  1.').  ISOU. 
“This  and  the  Klnzers  formations  and  Ledger  dolomite  are  treated  ,as  ‘■memiiers"  cf  the  Toms- 
town  group  hy  the  State  .Survey.  ((;.  ll,  .y  | 


VINTAGE  DOLOMITE 


Dpiise  (larker-blup  niassivp  dolomite  with  some  fjeamilar  l)lel)s 

and  arsillaeeous  partings;  weathers  chalky  DM) 

Light  and  dark  mottled  dolomite  

Gray  massive  dolomite  with  wavy  i)artings  and  grannlar  hlehs  ir)(l± 
Largely  covered;  prohahly  dolomite;  dark  glistening  dolomite. 

in  part  thin-hedded.  near  hase  2(ltl± 

728  ±1 


A section  of  the  Vintage  dolomite  measured  south  of  Emigsville. 
York  County,  showed  a total  thickness  of  (120  feet.  Estimates  of  the 
thickness  of  the  Vintage  dolomite  in  several  sections  in  the  south- 
central  part  of  the  Lancaster  area  range  from  500  to  676  feet.  South 
of  Columbia  it  is  much  thinner,  and  on  the  south  flank  of  the  iManor 
Hills  anticline  it  is  only  250  feet  thick,  as  shown  in  the  following 
section  ; 

iS'ccL'oa  on  South  Hnuh  of  Muuor  Hills  ii ii  I icliiio. 

Feet 

Black  calcareous  shale  (Conestoga  limestone). 

Blue  knotty  dolomite  

Concealed  80± 

Very  massive  dolomite  2** 

Knotty  dolomite,  thin-hedded  in  lower  part,  and  containing  sjdial- 

erite  (sine  sulphide)  in  bottom  layers  !-(•) 

Granular  cnlcareous  fossiliferous  ijmirtzite  containing  pyrite  (iron 
sulphide)  in  top  layers  (Antietam  tjuartzite)  

2.')0± 

The  iron  and  zinc  sulphides  were  prohahly  derived  from  carbonates 
originally  deposited  with  the  sediments. 

Distribution.  The  Vintage  dolomite  makes  a narrow  hand,  more  or 
le.ss  disjointed  by  faulting,  along  the  south  foot  of  Chestnut  Hill  front 
Columbia  to  its  east  end,  northwest  of  Rohrerstown.  The  band  swings 
northward  around  the  plunging  end  of  the  Che.stnut  Hill  anticline  and 
makes  a belt  of  somewhat  greater  width  around  the  northern  part  of 
Che.stnut  Hill  to  Marietta  Junction.  It  underlies  most  of  the  lowland 
between  Silver  Spring  and  Chestnut  Hill.  Several  small  areas  of  the 
Vintage  dolomite  occur  in  the  triangular  fault  blocks  northwest  of 
Marietta  Junction.  The  dolomite  forms  most  of  the  lowland  between 
the  hills  of  Antietam  quartzite  and  those  composed  of  the  Kinzers  for- 
mation in  the  Eruitville  anticlinal  horst,  which  extends  from  a poi))t 
near  Landisville  to  Landis  Valley.  Another  area  of  the  formation  sur- 
rounds the  hill  of  Antietam  sandstone  near  Binkley.  A belt  of  Vintage 
dolomite  surrounds  the  anticlinal  hill  of  Antietam  quartzite  south  of 
Mountville,  and  very  narrow  bands  of  the  formation  with  few  outcroi)s 
surround  the  other  anticlinal  hills  of  the  Antietam  and  older  forma- 
tions in  the  Manor  Hills. 

Age  and  correlation.  The  formation  was  named  from  Vintage,  a 
town  on  the  Pennsylvania  Railroad  .southeast  of  Lancaster,  where  the 
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character  of  the  dolomite  and  its  relations  to  the  overlying  Kinzers  for- 
mation are  clearly  shown.  It  has  not  yielded  fossils  in  the  Lancaster 
area  bnt  contains  many  fossils,  chiefly  trilohites,  hachiopods,  and  cystids, 
in  the  iMiddletown  qnadrangle,  jnst  west  of  the  Lancaster  area.  The 
Lower  Cambrian  age  of  these  fossils  was  recognized  by  AValcott^  in 
1896,  after  a reeonnai.ssance  of  the  valley  areas  of  Lancaster  and  York 
comities,  and  they  are  further  described  by  him  in  more  recent  re- 
ports." In  his  early  report  he  identified  the  following  fossils  from  the 
lower  part  of  the  formation ; 

Iphidea  bella  Solenopleura  sp. 

Salterella  conica  Zacanthoides  sp. 

Protypns  senectus  Hillings  Olenellns  sp. 

The  ipiper  part  of  the  Vintage  dolomite,  just  beneath  the  impure 
ilolomite  at  the  base  of  the  Kinzers  formation,  is  more  fo.ssiliferous 
and  yielded  the  following  fornis,  as  listed  in  Walcott’s  early  report: 

Kutorgina  sp.  Cystidean  plates 

Billingsella  festinata  Billings  Salterella  conica 

Olenellns  thompsoni  Protypns  senectus  Billings 

The  last-named  genus  has  been  renamed  Conjnexochus  with  .subgenus 
lionnia.  It  is  specially  characteristic  of  the  basal  limy  beds  of  the 
overlying  Kinzers. 

Kinzers  forination. 

Character  and  thichness.  The  A^intage  dolomite  grades  up  into  the 
Kinzers  formation,  which  makes  narrow  ridges  sej)arating  the  valleys 
underlain  by  the  Vintage  from  the  valley  areas  of  Ledger  dolomite. 
The  most  conspicuous  ridges  of  the  formation  are  those  which  extend 
through  Bamford  and  Alountville.  The  formation  consists  of  hackly 
blue  shale  with  thin  earthy  dolomite  which  weathers  ribbed  and  white 
spotted  nodular  marble  (called  in  the  field  “leopard  rock”)  wifh  blue 
to  buff  wavy  dolomite  partings  that  weather  to  a pecidiar  knotted  wavy 
structure  (See  PI.  VI). 

At  the  ba.se  there  are  thin  beds  of  impure  dolomite  which  grades 
into  the  underlying  A^intagc  dolomite  and  weathers  to  a fossil iferous 
yellow  earthy  rock  or  ti'i])oli.  A section  measured  in  the  cut  of  the 
Pennsylvania  Railroad  at  Kinzers,  18  miles  southeast  of  Lanca.ster, 
is  as  follows : 

^Walcott,  C.  1).,  Cambri.'in  rocks  of  reiinsyh'ania : U.  S.  Gcol.  .Survey  Itiili.  134,  p,  19,  1890. 

'Walcott,  C.  I).,  Smithsonian  Miso.  Coll.,  vols.  .’S,  57.  04.  ami  Cambrian  sreoloif.v  and  pale- 
ontology, vols.  1-3. 
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A.  IJaiifh'd  and  spotted  liiiiostcnie  of  tlie  Kinzei-s  foi-iiiatioii,  Pennsylvania 

Railroad  ent  at  Kin/.ers. 


Jt.  \\  avy  handl'd  limestone  of  Kinzers  formation  weathi'red  in  relii'f,  Penn- 
sylvania Hailroail  ent  at  Kin/.ers, 
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Section  of  Kimers  formation  at  Kinzers,  Pa. 

Feet 

Dark-blue  limestone  with  wavy  pai-tings  10 

Thick  light-gray  dolomite  12 

Dark-blue  limestone  with  wavy  partings  6 

.Spotted  white  nodular  marble  with  buff  dolomite  partings  (“leop- 
ard rock" ) 5-10 

Blue  limestone  with  some  siliceous  banding,  slightly  wavy  8-10 

Highly  siliceous  banded  dark  limestone,  weathering  to  buff  earthy 

network  8-  6 

Thick-bedded  earthy  dolomite,  weathering  to  tripoli  2-4 

Spotted  white  marble  witli  some  crenulated  dolomite  partings 

(“leopard  rock")  8-  6 

Wavy  banded  blue  limestone  with  tine  argillaceous  laminations 

at  top  10 

Dark  fissile  shale  .85-70 

Fossiliferous  earthy  blue  dolomite,  weathering  to  buff  or  orange- 
colored  tripoli  with  hard  brown  skin;  irregular  base  with 

dolomite  pebbles  7 

Massive  light-gray  dolomite  (Vintage)  

150±; 


In  the  Lancaster  quadrangle  the  bine  to  gray  shale  makes  np  the 
bulk  of  the  formation  and  the  overlying  mottled  limestone  is  in  most 
places  thin  or  absent.  .Some  of  these  upper  distinctive  beds  are  excel- 
lently exjtosed  in  a small  (piarry  and  in  the  field  and  road  outcrops 
just  north  of  Rohrerstown.  A composite  section  observed  there  and 
at  Donnerville  is  as  follows: 

Section  of  Kinzers  formation  near  Rohrerstown,  Pa. 

Feet 

White  impure  marble,  with  siliceous  partings:  w-eathers  to  tough 


tripoli  20± 

Sandy  dolomite:  weathers  to  tough,  hard  porous  sandstone  5 

Concealed  50± 

White  spotted  dark  limestone  ("leopard  rock”)  10 

Tough  sandy  blue  dolomite:  weathers  buff  and  somewhat  ribbed; 

fossiliferous  20 

Dense  blue  impure  limestone,  spotted  and  nodular  (“leopard  rock")  (i 

Hard  blue  slaty  limestone;  w'eathers  ribbed  15 

Concealed ; j.robably  shale  50± 

Thin  knotty  crystalline  limestone  1 

Dark  hackly  shale  30± 

Impure  fossiliferous  dolomite;  weathers  to  i.orous  sandstone  4 


211± 

Distribution.  The  Kinzers  formation  makes  a line  of  low  knobs  and 
ridges  near  the  foot  of  the  south  slope  of  Chestnut  Hill.  Northeast  of 
Columbia,  where  the  dip.s  are  gentle,  the  white  spotted  marble  and 
ribbed  impure  limestone  above  the  shale  are  well  exposed.  Farther 
east  only  a thin  band  of  shale  has  been  seen,  probably  because  of  steep 
dips  and  narrow  outcrops.  At  Monntville  the  shale  makes  a rather 
prominent  hill  where  it  lies  in  a syncline  between  the  Chestnut  Hill 
and  Monntville  anticlines.  A .slender  band  of  shale  and  white  spotted 
marble  lies  along  the  north  side  of  the  North  Manor  Hill  anticline,  fol- 
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lowing  Strickler  Run.  Northeast  of  tlie  ^Marietta  road  the  dips  are 
again  gentle  and  the  np])er  ])art  of  the  formation  makes  a wide  hand 
around  the  plunging  end  of  the  anticline.  West  of  Bamford,  on  the 
north  side  of  the  anticline,  only  a thin  hand  of  the  shale  has  been 
observed.  Beyond  ^Marietta  Junction  the  shale  on  the  north  side  of  the 
anticline  is  faulted  out.  The  Kinzers  formation  makes  small  ridges 
in  the  four  triangular  fault  blocks  south  of  Salunga  and  a larger  ridge 
south  of  Landisville.  Several  short  hills  of  shale  occur  northwest  and 
northeast  of  Fruitville  in  the  Fruitville  anticlinal  horst,  and  longer 
curving  hills  of  shale  lie  in  the  fault  block  north  of  Shreiner. 

Age  and  correlation.  The  formation  was  named  from  Kinzers  sta- 
tion on  the  Pennsylvania  Railroad,  Id  miles  southeast  of  Lancaster. 
It  is  the  most  fossiliferous  formation  in  the  area,  and  the  yellow  tri])oli 
at  the  base  of  the  shale  is  referred  to  as  the  'AUjnjne.rochuH  zone”  be- 
cause it  contains  Corynexochus  (Bonnia)  senecfu.'i  in  abundance.  It 
is  well  exposed  in  the  Donnerville  (luarry,  1 mile  east  of  Wountville, 
where  it  forms  the  top  of  the  cpiarry,  above  massive  Vintage  dolomite. 

Fossils  collected  from  this  bed  at  localities  south  of  Emigsville,  in 
the  Middletown  quadrangle,  listed  by  Walcott  in  his  189(i  re])ort,  arc 
as  follows: 

Eocystiles  sp.  I’l-ctyiuis  ( Oor.vncxochus  (Bonnia)) 

sencctu.s  KillinRs 

Ipidea  l)plla  Billings  Ilyolithus  ainerieanns  Billings 

I'nidentifled  brachiopods  Olenellus  thompsoni  Hall 

Billingsella  festinata  Billings  Salterella  conica 

Many  of  these  forms  have  been  collected  from  these  beds  at  Donner- 
ville, Rohrerstown,  Landisville,  and  other  places  in  the  Lancaster 
(luadrangle  and  identified  by  Charles  Resser.  They  are  coi-related 
with  the  Lower  Cambrian  of  New  York  and  Vermont. 

Trilobites  are  especially  abundant  in  the  shale  of  the  Kinzers  for- 
mation in  the  Lancaster  (piadrangle  and  westward  to  York.  The 
Fruitville  (luarry,  .south  of  the  Conestoga  Traction  Co’s,  track  at 
Fruitville,  and  the  Noah  Getz  quarry,  1 mile  north  of  Rohrerstown, 
are  noted  as  fossil  localities,  and  lai’ge  collections  from  them  havi* 
been  made  by  Prof.  H.  Justin  Roddy  and  Noah  Getz.  Trilobites  arc 
also  abundant  in  the  shale  in  the  cultivated  fields  northwest  of  Fruit- 
ville. The  following  forms  are  reported  by  Walcott'^  frojn  tliese  and 
other  localities  of  the  shale  in  the  Lancaster  quadrangle;  Olenellus 
thompsoni  (Hall),  Paedu.mias  transitans  (formerly  called  Olenellus 
thompsoni)  Wanneri  walcottanus  (Wanner)  (see  PI.  VII),  Holmia 
macer,  and  a form  of  seaweed  associated  with  the  trilobites. 

A large  collection  of  trilobites  was  made  by  Noah  Getz  fi-om  the 

'Walcott.  C.  D.,  Siuithsoniaii  Misc.  Coll.,  vols.  .o3  and  57:  Cambrian  Kcoloav  and  nalcontoloav. 
Tol.  1,  No.  6,  pp.  297,  302,  305  , 340,  1910:  vol.  2,  No.  8,  pp.  240,  314,  1912. 
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PLATE  VII 


A.  Fossil  ti-ilobit(‘  Ih'jkI  from  Kiiizers  formation;  Olenolliis  thompsoni. 

Natural  si/,o. 


IL  P'ossil  trilobite;  Paedumias  transitans,  formerly  called  Olenellus 

thompsoni.  Enlarged  x 3. 
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quarry  on  his  farm,  many  of  which  are  now  in  the  possession  of  Yale 
University.  The  Wanneria  waJcotianus  (Wanner)  three  miles  north- 
west of  Lancaster,  described  by  Walcott,  also  a cephalon  from  the 
Rohrerstown  locality  and  thdracic  segments  and  hyj)astoma  from 
near  York,  have  a reticulated  surface  which  is  similar  to  the  type  of 
surface  of  OJenellus  reticulafus  Peach,  from  northwestern  Scotland. 

Ledger  Dolomite. 

Character  and  thickness.  The  Ledger  dolomite,  which  overlies  the 
Kinzers  formation,  is  the  npper  formation  of  the  Lower  Cambrian 
calcareous  series.  It  is  in  general  a massive-bedded  sparkling  white  or 
light-gray  coarse-grained  dol()mite,  in  part  mottled  by  fine  dark-gray 
spots.  A few  beds  are  dark  gray;  others  are  dark  l)lue;  a little  is  fine 
grained.  In  general  it  is  a very  pnre  dolomite,  but  near  the  middle 
there  are  siliceous  or  cherty  beds  which  weather  to  irregular  pitted 
ferruginous  chert.  It  is  so  massively  bedded  that  tiedding  planes  are 
seldom  seen  exeejit  in  the  upper  layers,  which  are  thinner  and  better 
bedded.  It  weathers  to  a dark  granular  crumbly  surface  and  forms  a 
characteristic  deep-red  granular  clay  soil  which  in  places  contains  rough 
ferruginous  chert. 

The  dolomite  weathers  so  readily  that  it  is  nearly  everywhere 
covered  by  the  deep  red  .soil  and  has  few  rock  outcrops.  Its  character 
is  best  observed  in  quarries,  such  as  the  Bellemont  quarry.  2 miles 
north  of  Lancaster,  and  the  Dolomite  Products  Co.  quarry,  at  Shreiner. 
Good  exposures  may  also  be  seen  in  the  railroad  cuts  south  of  Diller- 
ville,  where  some  of  the  rock  appears  to  be  nearly  a pure  calcium 
limestone.  The  high-calcium  limestone  in  the  large  (pjarries  in  the 
vicinity  of  York  and  Hanover  is  in  the  Ledger  formation,  and  from  a 
study  of  the  rock  in  these  quarries  the  writers  have  concluded  that 
the  original  rock  was  a pure  high-calcium  limestone  which  in  most 
places  has  been  altered  to  dolomite  by  the  replacement  of  some  of  the 
calcium  by  magnesium.  This  accounts  for  the  coarse  character  of  the 
dolomite  and  the  general  lack  of  bedding  planes. 

As  exposures  of  the  formation  are  rare,  and  the  bedding  of  the 
dolomite  difficult  to  determine,  the  thickness  of  the  formation  can  not 
be  measured.  It  is  estimated  to  be  about  1,000  feet. 

Distribution.  The  largest  area  of  the  formation  in  the  quadrangle 
lies  just  north  of  Lancaster,  where  it  is  about  IV2  miles  wide.  This 
wide  belt  extends  from  the  east  edge  of  the  quadrangle  to  Dillerville 
and  thence  northward  to  Fruitville,  comprising  some  of  the  richest 
farm  land  in  the  quadrangle.  The  formation  also  extends  eastward  on 
the  north  side  of  the  Eden  syncline  neaily  to  the  east  edge  of  the  (juad- 
rangle.  It  extends  westAvard  in  a narrower  belt  to  Landisville,  but 
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with  some  interruptions  due  to  faulting.  A small  elongatetl  area  lies 
north  of  Chestnut  Hill  near  Farmdale,  and  a narrow  belt  disjointed 
by  faults  lies  between  the  line  of  hills  of  Kinzers  formation  and  Con- 
estoga limestone  south  of  Chestnut  Hill,  extending  from  Rohrei’stown  to 
Columbia. 

Age  and  correlation.  The  formation  is  named  from  the  village  of 
Ledger,  15  miles  east  of  Lancaster,  where  the  dolomite  makes  prom- 
inent outcrops.  The  Ledger  and  Vintage  dolomites  and  the  interven- 
ing Kinzers  formation  are  equivalent  to  the  Tomstown  dolomite  of  the 
Cumberland  Valley,  where  fossiliferous  shale  and  characteristic 
mottled  limestones  of  the  Kinzers  type  are  not  present  but  are  probably 
represented  by  dolomite.  No  determinable  fossils  have  been  found 
in  the  Ledger  dolomite  in  the  Lancaster  area,  although  si)onge-like 
markings  were  seen  in  a quanw  at  Slireiner.  The  writers  found  brachi- 
oi)ods  in  this  formation  southwest  of  Hanover,  which  were  identified 
as  Nasusia  festinaia  Billing-s  by  Charles  Kesser  and  referred  by  him  to 
the  Lower  Cambrian.  Other  fossils  ai)parently  from  this  formation 
were  collected  near  York  by  Walcott,  who  identified  them  and  pub- 
lished the  following  list  in  his  1896  report : 

Cystiflian  plates  Ptychoparia  adamsi  Hillings 

Eocystites  I'tyclioparia  teucer  Billings 

Sponge,  nndet.  Agraulos  sp. 

Microdiscns  of.  IM.  jarkeri  Walcott  I’rotypus  ( Corynexochus  (Bonnia  )) 

senectus  Billing.s 

Olenoides  cf.  O.  inarcoui  ^Vliitetield  Acrotreta  sp. 

Olenelliis  sp.  Agnostus  sp. 

Zaeanthoides  sp.  Batbyuriscus  sii. 

These  are  all  Lower  Cambrian  forms. 

Elbrook  Limestone. 

Character  and  thickness.  The  Elbrook  limestone  normally  overlies 
the  Ledger  dolomite,  but  in  the  southern  part  of  the  quadrangle  it  is 
not  exposed  above  the  Ledger  because  it  is  overlapped  by  the  Ordovician 
Conestoga  limestone.  The  Elbrook  is  in  general  a finely  laminated, 
very  fine-grained  dove-colored  to  light-blue  magnesian  limestone  with 
some  thin  argillaceous  layers  and  cream-colored  fine-grained  marble 
with  white  sericitic  partings.  It  weathers  to  buff-colored  shaly  lime- 
stone and  finally  breaks  up  into  thin  platy  fragments  of  buff  tripoli  in 
light  sandy  soil,  contrasting  strongly  with  the  red  clay  soil  of  the 
Ledger.  It  gives  rise  to  Ioav  hills  that  stand  above  the  level  of  the 
dolomite  lowland.  The  formation  is  generally  so  deeply  weathered  that 
the  details  of  its  character  and  thickness  can  not  be  determined.  Its 
best  exposures  in  the  (luadrangle  are  along  Conestoga  Creek  at  Binkley 
and  for  a mile  to  the  south.  From  observed  dips  and  width  of  outcrop 
it  is  estimated  to  be  about  1,000  feet  thick. 


Distribution.  The  Elbrook  limestone  occurs  in  the  Eden  syncline  in 


( '( »X( )( '( )( 'I  I KAC  I K 1 .1  M KSTC  )\ K 


the  vicinity  of  Koxeville,  Binkley,  and  Eden;  in  two  ai'ea.s  noi'th  of  the 
syncline — one  near  Frnitville  and  the  other  at  Hunsecker  (jnst  east  of 
this  quadrangle)  ; in  a long  area  from  Landisville  through  East  Peters- 
burg nearly  to  Oregon  ; and  in  an  anticlinal  area  1 mile  north  of  Xeffs- 
ville.  In  the  Marietta  anticline,  in  the  western  part  of  the  quadrangle 
and  in  the  adjacent  IMiddletown  quadrangle  it  is  not  recognizable  be- 
tween the  Ledger  dolomite  and  the  Conocoeheague  limestone  but  its 
apparent  absence  may  lie  due  to  a change  in  lithology,  chietly  the  aji- 

pearance  of  dark  limestone  and  dolomite  interbedded  with  cyhit(“ 

marble,  resembling  the  Conocoeheague  limestone. 

Age  and  correlation.  The  Elbrook  limestone  in  the  Lancaster  cpiad- 
rangle  and  adjacent  areas  has  not  yielded  fossils.  It  closely  resembles 
in  lithologic  character  the  Elbrook  limestone  of  the  Cumberland  Valley, 
which  has  been  traced  from  the  t.vpe  locality  in  the  Chambersburg  area 
to  the  Lebanon  Valley,  north  of  the  Lancaster  area.  It  also  occupies 
the  same  stratigraphic  position  as  the  Elbrook.  although  the  underlying 
purple  shale  and  sandstone  of  the  Waynesboro  are  not  present  in  the 

Lancaster  area.  However,  a thin  but  prominent  bed  of  gray  to  red 

calcareous  ripple-marked  sandstone  which  lies  at  the  base  of  the  El- 
brook in  the  adjacent  New  Holland  (piadrangle  and  farther  east,  where 
in  places  it  forms  a prominent  ridge,  ])robably  rejn-esents  the  Waynes- 
boro formation  of  the  Cuml)erland  Valley.  The  name  Elbrook  has 
therefore  been  a])plied  to  this  formation,  and  its  age  is  assigned  to  the 
Middle  Cambrian. 

Conocoeheague  Taniestone. 

Character  and  thichness.  The  Conocoeheague  limestone  overlies  the 
Elbrook  limestone  without  observable  unconformity.  It  is  made  u|) 
of  an  alternation  of  impure  thick-bedded  glisteidng  dark-blue  lime- 
stone, with  bands  of  black  chert,  lenticular  knotty  and  impure  dolo- 
mite, light-gray  impure  limestone,  and  white  to  light-gray  fine-grained 
laminated  marble.  The  dolomitic  beds  weather  rough  and  knotty,  and 
the  argillaceous  limestones  weather  to  a banded  rock  in  which  silice- 
ous layers  stand  out  in  relief  as  a network.  (See  PI.  VIII.  A.) 

A banded  calcareous  sandstone  or  chert  generally  occurs  at  the 
base  of  the  formation  and  gives  rise  to  residual  sandstone  fragments 
in  the  soil.  The  formation  contains  thick  layers  of  thick-bedded  light- 
gray  fine-grained  marble,  which  are  Cryptozoon  reefs.  (See  Pl.VIII,  1>.) 
There  are  generally  present  also  thin-bedded  wavy  limestones 
probably  of  related  organic  oidgin.  Such  reef-bearing  beds  are  well 
exposed  on  Chiekies  Creek  northwest  of  Parmdale  and  in  the  (puirry 
IV2  miles  northwest  of  Xeffsville.  The  rhythndc  occurrence  of  these 
reefs,  suggesting  seasonal  growth,  is  well  shown  in  the  following  sec- 
tion at  this  quarry  (see  also  Pig.  3). 
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PLATE  VIII 


A.  SilireTms  banded  limestone  of  the  ('’onocoeheafjiie  near  Vogansville,  Xe-vv 

Holland  quadrangle. 


H.  Cryptozoon  reef  in  Conoeocheague  limestone  near  Vogansville, 
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Fig.  :i.  Section  of  reef-bearing  bed.s  in  (’onococlieagne  limestone; 

nortliwe.st  of  \eff.sville. 


flection  of  recf-hforuKj  hcils  in  ijiKirri/  iiorDiircst  of  .Xrffxrille. 

Feet 


Pure  limestone,  Cri/i>fo.:oon  reef  S± 

Sandy  limestone  cons'lomerate  w^atherin;;;  to  sandstone  3± 

Ibire  liKht-eolored  inarl)le,  dark  at  to])  ( iprobabl.v  < ' ri/iifoxoon  reef)  S 
Black  handed  limestone;  limestone  conglomerate  and  sandy  htahi 

at  top  2 

Pure  light-colored  nmrhle.  ('njpiozoon  reef  S 

Thin  wavy  banded  limestone.  i)robably  organic  laminations  2 

Dark  banded  lenticular  limestone  1 

I’ure  dark  limestone.  Cryptozoon  reef  S 

Pure  limestone.  Cryi>1ozoon  reef  S 

Kough-weathering  dolomite  


The  miseellaneoti.s  character  of  tlie  beds  coiiiitosiiio-  the  formation 
is  ^vell  sliown  in  the  railroad  cut  at  Saltiuoa,  in  a (|uarry  beside  tlie 
Ilarrislturg  road  north  of  duckies  Creek,  in  (luarries  and  stream 
cuts  on  duckies  Creek  in  the  vicinity  of  Centerville,  and  by  the  follov- 
ing'  detailed  section  in  a (|narry  in  the  New  Holland  (luadrangle : 


t^ection  shoiriny  vnriahle  charucler  of  ('onocovheayue  li nteatone. 
iinorry.  1 mile  .•<oi‘thirc.'st  of  Kphnitn. 


Kurtz 


Feet 


Yellow  earth.y-weatheriug  tine-grained,  wavy-bedded  magnesian  marble. 

nodular  at  base  10 

lyight-gra.v  tine-grained  m.arble.  lamiimted  with  magnesian  layers, 

weathering  i)uff  and  tinely  crinkly  4 

White  saceharoidal  marble  1 

Fine-grained  magnesian  limestone,  weathering  buff  3 

Fine-grained  mottled  white  marbl“,  banded  with  drab  and  somewhat 

magnesian  4 

Dark  argillaceous  fine-grained  limestone,  weathering  with  buff  banding  3 

Shaly  magnesian  limestone  with  black  Ciirbona<'eous  seams  2 

Dark  and  light  gray  banded  fine-grained  marble,  weathering  buff 

banded  and  ribbed,  to  earthy  buff  trii)oli  4 

White  and  gra.v  mottled  fin(‘-grained  marble,  weathering  cavernous  . . 3 

Massive  dark  dolomite:  no  bedding  i)lanes  S 

Light-gray  fine-grained  marble,  mottled  with  dark  gray,  in  i)iirt  lami- 
nated with  earthy  layers  (i 

Massive  black  dolomite  ; no  bedding  i)lanes  8 

Thin-bedded  dark  dolomite  5 

P)lack  hackly  hard  siliceous  dolomite,  veined  with  calcite  ; no  bedding 

planes  20 


The  formation  veathers  to  liohf-ycllow  sandy  soil  containino'  many 
shaly  and  sandy  frao-ments  and  white  quartz  and  conseqticntly  makes 
low  hills  which  rise  above  the  lime.stone  lowland.  The  formation  is 
much  folded,  and  exposures  are  so  poor  that  the  thickness  can  not 
be  measured,  but  it  is  estimated  to  be  about  1,000  feet. 
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Disfributio)}.  Tlie  Conoeocheague  limestone  covers  a large  liilly  area 
around  Centerville,  north  of  Chestnut  Hill,  and  extends  eastward  across 
the  quadrangle  to  Oregon,  making  the  higher  laud  with  yellow 
sandy  soil  northwest  and  north  of  East  Petersburg  and  north 
of  Neft'sville.  Another  wide  area  is  exposed  in  the  Lititz  anticline 
from  Limerock  to  tlie  east  edge  of  the  quadrangle.  A small  area  is 
ma])])ed  northwest  of  Ivoseville,  and  another  at  Eden. 

Age  and  correlation.*  The  formation  in  this  (luadrangle  in  lith- 
ologically like  the  (kmococheague  limestone  of  the  Cumberland  Valley 


Figure  4.  Sketcli  of  a typical  reef  of  oi'ypfo/.ooii  from  tlie  Conoeoeheague 
limestone  eonsistiiif*  of  a O inch  layer  of  edgewise  limestone  eonglomer- 
afe  at  the  base,  2 foot  la.yer  of  large  ei-ypto/.oon  heads,  20  inches  across 
I he  largei-  head,  2 feet  of  cross-bedded  sand.y  limestone  and  oolites  full 
of  small  <'rypto/oon  h<>ads,  and  2 feet  at  the  top  of  handed  dark  argilla- 
cinms  limestone. 


and  also  contains  ('iijpiozoon  reefs  similar  to  tho,se  in  the  Cumberland 
Valley  and  in  Maryland.  It  has  therefoi-e  been  correlated  with  the 
Conococheague  limestone. 


•The  State  »Surve.v  lins  revived  the  ranatiian  system  ;is  used  by  Dana,  to  cover  the  Chuzy, 
lieekmantown  and  Ozark,  which  constitute  its  upper,  mitldle  aiid  lower  parts  respectively.  Ooii- 
ococheajuue  is  in  the  Ozark  or  Lower  Otnuidian.  (G,  H.  A.) 


H !•:  E K M A X '!'( » WX  L I M E S'l’i  > Xi  : 


Cryptosoon  reefs  are  the  only  identified  fossils  fonnd  in  the  (’ono- 
cocheagiie  limestone  in  the  Lancaster  quadrangle.  These  forms  are 
large  concentrically  laminated  masses  in  reef-like  aggregations,  about 
10  feet  thick,  separated  by  dark-blue  banded  dolomite  and  siliceous 
oolitic  layere.  (See  PI.  VIIT,  B and  Fig.  4.)  They  are  believed  to  have 
been  formed  by  algae.  They  are  apparently  of  the  forms  called 
Cryptosoon  protiferum  ami  ('.  nndniotnin,  which  are  referi'ed  by  E. 
0.  Ulrich  to  his  “lower  Ozai-kian.”  The  Conococheague  limestone  is 
a.s.signed  hy  the  United  States  tJeological  Survey,  on  the  basis  of  trilo- 
bites  and  other  fossils  collected  in  the  Chambersburg  area,  to  tlu^ 
Upper  Cambrian,  the  “Ozarkian"  not  being  recognized  by  that  organi- 
zation as  a sei)arate  system. 


ORDOVICIAN  SYSTEM. 

Beekiiiantowii  ljimestone.=!= 

Character  and  tlncknes.<i.  The  Heekmantown  limestone  overlies  the 
Conococheague  in  the  northcentral  pai't  of  the  (juadrangle.  In  the  main 
it  consists  of  finely  laminated  magnesian  limestone,  light-blm*  pure 
lime.stone  with  some  tine  argillaceous  banding,  and  dark-blnc  lenticular 
dolomite  much  broken  and  receniented  by  white  calcite.  There  ai’C  also 
beds  of  white  marble  near  the  base.  The  bine  limestone,  which  has  in 
general  a lighter-blue  color  than  the  Conococheague  limestone,  weathers 
to  a pale-blue,  light-gray,  or  chalky  white  surface  on  which  the  tine 
laminae  partings  are  well  brought  out.  The  exiiosures  are  too  poor  to 
permit  the  measui'enient  of  a detailed  section.  Its  thickness  is  esti- 
mated to  be  2,000  feet. 

In  the  vicinity  of  iMount  .Joy  the  lower  part  of  the  formation  con- 
tains a considerable  thickness  of  whit(‘  saccharoidal  high-calcium 
marble,  with  sei'icite  on  the  |)artings,  interlx'dded  with  ])ure  light- 
blue  limestone.  The  upper  i)art  of  the  formation  is  exi)osed  in  nnmei-- 
ons  quarries  in  the  vicinity  of  iManheim  and  west  of  (May,  wheia*  beds 
of  dark  dolomite  occur  above  the  i)ure  limestone.  In  the  (piarry 
southwest  of  iManheim  the  uppermost  beds  of  the  formation  consist 
of  butf-weathering  dark  dolomite  20  feet  thick,  in  which  fossils  of 
the  Turritoma  zone  have  been  found,  underlain  by  25  feet  of  dark 
and  light  mottled  limestone  with  magnesian  laminations,  and  this  in 
turn  by  thick  light-blue  fossiliferous  i)ure  limestone. 

South  of  Sporting  Hill  the  following  section  of  beds  at  about  the 
same  horizon  is  exposed  in  a quarry; 


•Assigned  by  the  State  Survey  to  Middle  Canadian.  ((;.  H.  A.) 
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>SV't'//o(/  of  jttu  t of  fieckiiiinitoirii  liiiientoin-  in  Ktiiiffmoii  quarry. 

Feet 


Dark-blue  and  black  limestune,  wcatheriug  finely  and  irregularly  lami- 
nated   30 

Light-gray  mottled  with  dark-gray  limestomu  weathering  laminated; 

gastro]iods  in  granular  limestone  at  top  30 

IMostly  dove-colored  fine-grained,  finely  laminated  marble,  and  wdute 

and  dove-colored  spotted  limestone  25 

Dark  limestone  handed  wdth  %-inch  magnesian  layers  which  weatlu'r 
huff  and  stand  in  relief;  black  nodular  flint,  weathering  yellow, 
near  base  45 


Tlie  Beekiiiaiitown  limestone  -weathers  to  dee])  reddish  soil  Avith  fe-w 
itatiiral  outcrops  and  underlies  a country  of  low  relief  between  the 
hills  made  by  the  Cocalico  shale  and  the  low  hills  of  the  Conocoeheague 
linie.stone. 

Disfribufion.  The  Beekmantown  limestone  occupies  a belt  1 to  2 
miles  Avide  across  the  quadrangle  south  of  the  shale  ridge  that  extends 
from  Bporting  Hill  to  Kissel  Hill.  A branch  from  this  belt  forms 
1he  loAvland  around  Manheim  and  eastAvard  to  Lititz  Run.  East  of 
the  shale  hill  at  Lexington  there  is  another  area  of  the  foimiation. 
At  the  Avest  edge  of  the  ((uadrangle,  fiortli  of  Motint  Joy,  the  Beek- 
mafitoAVfi  limestone  occuifies  valleys  back  of  the  shale  front,  and  Avest 
of  B])orting  Hill  there  is  a small  inlier  of  limestone  Avithin  the  shale 
area. 

^{ge  and  correlafion.  Fossils  have  been  found  in  the  BeekmantoAvn 
limestone  in  the  Laficaster  quadrangle  at  seA’eral  places.  These  fossils 
came  from  the  uj)per  lieds  of  the  foimiation,  just  beneath  the  Cocalico 
.shale.  They  include  sjiecies  of  Lophospira  and  Kccyliopierus  and  the 
ostraeod  Isochilina  seeJni  (Whitfield),  from  the  (juarry  1 mile  soiith- 
Ave.st  of  Manheim,  and  MO'Clurifes  ocean  us  (Billings),  from  a quarry 
1 mile  south  of  S])orting  Hill.  Sections  from  both  these  quarries 
have  been  given  above.  These  fo.ssils  belong  to  the  Turriioma  zone 
of  the  BeekmaidoAvn  limestone  of  the  Cumberland  Valley  of  southern 
Pennsylvania  and  Maryland,  described  by  Stose^  and  ririch.-  A 
generalized  section  by  FIricli  and  Stose  of  the  BeekmantOAvn  lime- 
stone shoAving  faunal  zones  in  the  Cumherland  Valley  is  appended 
for  comparison  Avith  that  of  the  Lancaster  area  ; 

Seciion  of  IS  eek  in  auto  ten  iiiuestoiie  in  C tnnherla  ml  VoUpi/. 

Feet 


Iiif(‘rhc(l(l(Ml  jmi'c  uuil  magnesian  fine-grained  light-gray  lime.stone  ; no 

fossils  400 

Thin-hedded  argillaceous  and  pur?  fossiliferous  limestone  {Turritonia 

zone)  200 

Alternation  of  pure  dove-colored  limestone  and  gray  somewhat  magne- 
sian limestone ; few  fossils  375 


^Stose.  G.  W..  U.  S.  Geol.  Survey  Geol.  Atlas,  Mercersburg-Cliambersbur^'’  folio  No.  170,  1908. 
“Ulrich,  E.  0..  Geol.  Soc.  America  Bull.,  vol.  22.  No.  3,  pp.  052-055.  1911. 
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Blue  to  (love-colored  l'ossilif(‘rous  limestone : chert  in  upper  part 

(Geratopea  zone)  2o(l 

Dove-colored  to  pink  and  blue  imre  limestone  : porous  chert  in  U|)i)er 
part  and  oolitic  cherty  limestone  at  base  {('rijptoxnon  siecii  zone 
in  lower  part)  80(1 

Pure  dove-colored  limestone  overlain  by  darker  limestone  with  many 
thin  contorted  siliceous  and  arjiillaceous  bands  ( StonebenRe  lime- 
stone member)  570 


In  this  section  several  linndred  feet  nf  impure  gray  magnesian 
limestone  overlies  the  Turrifnma  zone,  which  is  the  uppermost  fossili- 
ferous  zone  of  the  Beekmantown.  These  upper  beds  are  absent  in 
the  Lancaster  area  and  east  of  the  Lancaster  area,  where  the  Turri- 
ioma  zone  directly  underlies  the  Cocalico  shale.  At  Oregon,  jnst  east 
of  the  Lancaster  tpiadrangle,  large  coiled  ce])halo])ods  were  found  by 
the  writers  in  pure  limestone,  interbedded  with  the  gastropod-bear- 
ing blue  limestone  near  the  top  of  the  formatioiE 

The  Cerafopea  zone  was  not  observed  in  this  region,  but  (U-j/plozoon 
steel i from  the  next  lower  member  Avas  obseiwed  about  1 mile  east 
of  BroAvnstOAvn  in  the  Xew  Holland  (piadrangle,  and  similar  AvaAW 
sti-nctnres  Avere  seen  in  the  limestone  near  the  base  of  the  Beekman- 
tOAvn  on  duckies  Creek  1 mile  north  of  Salunga.  S])ecimens  of 
OpJnleta,  found  by  the  Avritei’s  in  the  BeekmantoAvn  limestone  ('ast  of 
Clay,  near  Cockley  in  the  New  Holland  ((uadrangle,  Avere  referred 
to  the  Xittany  formation  of  central  Pennsylvania,  Avhich  there  con- 
tains also  Crjjpfozoon  steel i in  its  loAver  part. 

The  formation  is  therefore  clearly  the  same  as  the  BeekmantoAvn 
of  Cumberland  Valley,  Avhich  is  coi-related  by  fossil  contents  and 
lithologic  character  AA’ith  the  BeekmantoAA  ii  of  XeAv  York.  It  is  pi’obable 
also  that  if  sufficient  fossils  were  obtainable  from  the  Bec'kmantoAvn 
limestone  of  the  Lancaster  (jiiadrangle  it  coidd  be  subdivided  into  some 
of  the  members  recognized  in  the  Cumberland  Valley  Avest  of  South 
iMonntain  and  elseAvhere  in  Pennsylvania. 

Cocalico  Shale. 

Character  and  thickness.  The  Cocalico  .shale  oA'erlies  the  Beeknian- 
tOAAui  limestone  and  forms  a hilly  section  .south  of  the  red  Triassic  i-ocks 
in  the  northern  part  of  the  Lancaster  quadrangle.  It  is  a blni.sh-black 
to  dark-gray  fissile  shale  which  discolors  to  buff  on  Aveathering,  esin^- 
cially  near  the  base.  It  contains  beds  of  tine  yelloAvish-gi-een 
arkosic  sandstone  in  Avhich  there  are  many  glassy  (piartz  grains.  Xear 
the  base  also  there  are  beds  of  bluish-purple  and  green  shale  inter- 
bedded Avith  the  blue  to  gi-ay  shale.  The  purple  and  green  shales  are 
moi-e  alnindant  iji  the  northei'ii  i)art  of  the  belt,  Avhere  they  are  asso- 
ciated Avith  rust-stained  and  greenish-Avhite  hard  vitreous  tine-grained 
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soiiclstoiie  eoiiiposod  of  "lassy  g-rains  of  quartz  with  specks  of  sedi- 
mentary mica.  The  sandstone  is  well  ex))0sed,  apparently  in  a sharp 
anticline,  overlain  by  pniqile  and  green  shale,  in  the  valley  of  Chickies 
Ch-eek  at  Wdiiteoak,  and  forms  a ridge  that  extends  3 miles  westward. 
Another  belt  of  green  and  purple  shale  and  ([uartzite  branches  off 
southwestward  and  extends  to  the  locality  where  the  shale  is  covered 
by  Triassic  sediments.  A third  belt  of  hard  (piartzite  and  purple  and 
green  shale  forms  a ])arallel  ridge  farther  south,  which  extends  east- 
ward past  Penryn,  trending  toward  the  anticline  of  Beekmantown 
limestone  east  of  Brubaker.  The  hard  sandstone  occurs  only  in  the 
northern  part  of  the  shale  area,  and  the  purple  and  green  shales  are 
better  developed  and  ai)parently  thicker  where  associated  with  the 
sandstone.  They,  however,  occur  also  in  places  on  the  southern  border 
of  the  shale  belt  near  the  base,  as  northwest  of  Idanheim,  west  of 
Sporting  Hill,  at  Kissel  Hill,  and  north  of  Disston,  The  thickness  of 
the  Cocalico  shale  can  not  be  determined  because  of  poor  outcrops 
and  lack  of  distinct  bedding.  It  is  estimated  to  be  about  2, ()()()  feet. 

Distribution.  The  Cocalico  shale  forms  a belt  of  hills  across  the 
northern  ])art  of  the  (juadrangle,  just  south  of  the  red  rocks  of  the 
Ti-iassic.  This  belt  has  its  maximum  width  of  5 miles  west  of  Manheim 
and  narrows  toward  the  western  edge  of  the  quadrangle,  where  em- 
bayments  of  the  Beekmantown  limestone  restrict  the  shale  to  a width 
of  about  2 miles.  East  of  iMaidieim  the  shale  area  divides  into  three 
belts;  the  northern  one  follows  the  south  side  of  the  Triassic  rocks  to 
the  east  edge  of  the  quadrangle,  where  it  is  about  I mile  wide;  the 
central  belt  branches  from  the  first  at  Penn  and  extends  southeast- 
ward through  Brunnerville  toward  Lititz;  the  third  belt  extends  east 
from  Sporting  Hill  to  Kothsville,  narrowing  and  breaking  uji  into 
detached  hills  of  shale  between  Eairland  and  Kissel  Hill.  The  known 
distribution  of  the  ])urple  and  green  shales  and  white  quartzite  near 
the  base  is  shown  on  the  map  and  is  described  under  “Character  and 
thickness.  ’’ 

A(je  and  correlation.  The  Cocalico  shale  is  very  sparingly  fossili- 
terous,  only  a few  graptolites  having  been  found  in  it  in  the  Lan- 
caster (piadrangle  or  elsewhere.  The  first  graptolites  found  in  the 
shale  were  collected  by  the  writers  at  Kissel  Hill  and  near  Cocalico 
Creek  1 mile  east  of  Oregon,  in  the  adjacent  New  Holland  quad- 
rangle, in  1921  ; others  were  found  in  1923  in  the  shale  east  of 
Denver,  6 miles  east  of  the  Lancaster  qiiadrangle.  At  that  time  they 
were  considered  by  Ulrich  to  be  of  Normanskill  t.ype  and  the  shale 
to  be  jn-obably  of  Chazy  age.  As  the  shale  was  believed  to  be  older 
than  Trenton  the  name  Martinsburg  Avas  not  applicable,  and  a new 
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iiaino,  Cocalico,  was  j^ivcn  l)\’  tlic  writers,'  from  tlie  crt'ck  of  tliat 
name  near  which  the  first  fossils  were  obtainetl  from  the  sliah'.  Furtlier 
study  by  Idricli  has  thrown  iloubt  on  the  earlier  identification  ot 
these  poorly  preserved  graptolites,  but  he  is  still  of  the  opinion  that 
the  lower  part  of  the  Cocalico  shale  is  probably  older  than  the  iMartins- 
burg  shale  of  the  main  belt. 

The  lithology  of  the  C'ocalico  shale  and  of  the  iNIartinsburg  east  of 
Harrisburg  is  strikingly  similar.  The  hard  j)urple  and  green  shales 
and  the  hard  rust-stained  to  greenish-white  indurated  sandstone  which 
occur  in  the  northern  i)art  of  the  Cocalico  belt  are  very  similar  to 
beds  near  the  base  of  the  i\lartinsburg  in  many  small  areas  of  the 
shale  in  or  south  of  the  (ireat  Valley  and  es])ecially  in  the  main  shale 
belt  in  the  vicinity  of  .Jonestown,  described  by  the  writers  in  a previous 
report,'  in  which  the  relations  of  these  shales  are  more  fully  discussed. 

These  purplish  ami  green  shales  near  Old  Line  and  Penn  are 
mottled  with  green  blebs  and  contain  small  angular  fragments  ol 
(piartz,  which  suggest  that  they  had  a tuffaceous  origin.  Specimens 
collected  near  Penn  show  under  the  microscoi)e  angular  fragments 
of  granulated  quartz  in  a ferruginous  clay  matrix.  Although  they 
are  much  le.ss  crystalline  than  the  spotted  slates  of  volcanic  origin  in 
the  western  Piedmont  region  of  ^Maryland,  which  are  either  sheared 
amygdaloid  oi‘  tuff',  they  bear  a marked  resemblance  in  color  and 
(»ther  features  to  these  volcanic  rocks.  As  is  j)ointed  out  in  the  report 
ju.st  refen-ed  to,  lava  flows  occur  at  the  base  of  the  Haidinsburg  shale 
in  the  vicinity  of  .Jonestown,  noidh  of  Jjebanon.  d'he  occui‘renc(‘  ot 
l)robably  volcanic  material  in  the  t'ocalico  shale  is  anothei-  evidence 
that  the  two  shales  are  of  ap])roximately  the  same  age. 

The  Cocalico  shale  of  the  Jjancastei-  (luadrangle  overlies  fos.silifer- 
ous  uiiper  Beekmantown  limestone  wherever  fossils  have  been  found 
in  the  limestone  near  the  shale,  exce]»t  along  the  shale-limestone  con- 
tact east  of  Brubaker,  whei'c  there  is  a narrow  band  of  shaly  dark 
argillaceous  limestone  that  is  diff'erent  from  that  seen  elsewhere.  This 
limestone  has  therefore  been  se])arately  mapi)ed  and  treated  as  a 
local  member  of  the  Cocalico  shale.  Tht*  section  of  these  beds  east 
of  Brubaker  is  as  follows : 

Section  of  Cocnlico  xlinie  cost  of  Itrntniker.  Pn. 

Cocalico  shale 

Dark  shale  

Thiii-beikleU  to  shaly  ilark  argillaceous  limestone  witli  black 
carbonaceous  iiartinss;  some  beds  j;ranular  and  containins 

IraRinents  of  crinoid  stems,  shells,  and  trilobites  20 

Thin-hedded  blue  limestone  alternatiii};  with  slualy  limestone  ..  .')0± 

Concealed  interval  

Iteekmantown  limestone;  Thick  mottled  bhie  limestone  

^Stose.  O.  W..  and  .tonus,  .V.  I..  L(Over  l’alt*ozoi<‘  section  of  sontlieastern  IVniisylvania : Wash- 
ington Acafl.  Sci.  .tour.,  vol.  1-,  No.  1.".  |).  l.'n 

-Sto.se,  (i.  W.,  and  .lonas,  A.  I.,  Ordovician  shale  and  associated  lava  in  soidheastern  Penn- 
sylvania: Geol.  Soc.  .\nieriea  Itull.,  vol.  as.  nn.  .'lO.i-.'dttt.  lie.'". 
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Besides  erinoid  stems  Sirophoniena  sp.  and  Froetus  sp.  have  been 
identified  from  tliese  beds,  which  are  regarded  l)y  Ulrich  as  younger 
than  Beekmantown,  probably  of  early  Trenton  or  Black  River  age. 

In  tlie  New  Holland  quadrangle,  east  of  Denver,  dark-blue  argillace- 
ous limestone  like  the  Leesport  limestone  locally  underlies  the  Martins- 
burg  shale  and  contains  fossils  of  i)robable  lower  Trenton  age.’^ 

Fossil  evidence  therefore  shows  that  in  the  Lancaster  and  adjacent 
(piadrangles  the  Coealico  shale  lies  unconformably  on  the  Beekman- 
town and  that  it  may  be  lower  Trenton  or  younger,  and  probably  is 
equivalent  to  the  Martinsburg  shale  north  of  Lebanon.  The  recent 
finding  by  one  of  the  writers^  of  gra])tolites  of  Normanskill  age  and  of 
Deep  Kill  (Canadian)  age  in  the  shale  north  of  Harrisburg  throws 
doubt  on  the  age  of  these  shales  elsewhere  to  the  east. 

At  Hopeland,  in  the  northeast  corner  of  the  Lancaster  quadrangle, 
Ihe  Cocalico  shale  is  sei)arated  by  only  5 miles  of  Triassic  rocks  from 
the  area  of  Ordovician  shale  at  Schaeft'erstown,  on  the  south  side  of 
the  Lebaiion  Valley.  The  Behaefferstown  area  lies  on  the  north  side 
of  the  normal  fault  which  has  dropped  down  the  block  of  Triassic 
I'ocks  to  the  south,  and  it  is  quite  certain  that  prior  to  the  deposition 
of  the  Triassic  sediments  the  Ordovician  shale  and  other  Paleozoic 
formations  of  the  iiorthern  part  of  the  Lancaster  quadrangle  were 
continuous  northward  with  those  in  the  Lebanon  Valley.  Further- 
more, the  formations  of  the  Lancaster  area  not  only  closely  resemble 
lithologically  the  e(juivalent  formations  in  the  Great  Valley  but  they 
contain  the  same  fossils. 


Conestoga  Limestone. 

CJianicfcr  and  fJiickness.  The  Conestoga  limestone,  a formation  also 
of  Ordovician  age,  is  ]ire.sent  only  in  the  southern  ])art  of  the  Lancaster 
quadi'angie.  It  is  made  up  chiefly  of  thin-bedded  dark-blue  argillace- 
ous limestone  and  thicker-bedded  blue  to  ligdit-gray  granular  lime- 
stone Avith  thin  argillaceous  partings,  generally  closely  ])licated  (see 
PI.  IX),  Avith  beds  of  dark  graphitic  shale  or  slate  and  coarse  conglo- 
merate or  breccia  of  blue  limestone  and  Avhite  marble  fragments  in  a 
dark  ai-gillaceous  calcareous  matrix  near  the  base  of  the  formation.  This 
limestone  conglomerate  occurs  in  beds  as  much  as  10  feet  thick,  in- 
lerbeddetl  Avith  slaty  blue  limestone  and  dark  argillaceous  dolomite. 
The  conglomerate  is  Avell  exposed  in  the  (piarries  north  of  the  Lan- 
caster City  Avatei'Avorks  (see  PI.  X)  and  at  the  stone  quarry  east  of 
Columbia,  and  single  beds  of  conglomerate  may  be  seen  at  many  other 
places  near  the  base  of  the  formation.  A band  of  black  graphitic  slate 

^Idem.  p.  524. 

^Stose.  G.  W.,  Unconformity  at  base  of  Medina  sandstone  in  southeastern  Pennsylvania: 
Geol.  8oc.  Amer.,  Abstracts,  pp.  30.  31,  1929. 


IJ.  Plicated  thiii-bedded  liniestoiK*,  characteristic  of  thi'  ( ’oiiest'of>a  lime- 
stone, on  Conestoga  Creek  southeast  of  Lancaster. 
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oecui-s  at  or  near  the  base  in  the  southwestern  part  of  the  quadrangle 
and  has  been  separately  mapped.  North  of  the  Manor  Hills  the  ba'^al 
beds  have  also  been  mapped,  aiul  are  dark-banded  buff  earthy  sandstone 
and  blue  hackly  shale  containing  pyrite  cubes  which  weather  out  leaving 
rusty  holes.  This  basal  member  l)ecomes  more  prominent  west  of  the 
►Susquehanna,  where  it  forms  a line  of  low  hills  in  most  places.  In  the 
southeastern  part  of  the  quadrangle,  apparently  near  the  base  of  the 
formation,  there  are  thick  beds  of  light-gray  granular  limestone  so  full 
of  round  quartz  grains  that  the  rock  weathers  to  a crumbly  sandstone, 
which  is  worked  for  building  sand.  These  beds  have  also  been  mapped 
where  observed.  The  tliin-bedded  limestones  of  the  formation  are  gen- 
erally tightly  folded  and  veined  with  calcite. 

The  thickness  of  the  formation  can  not  be  determined  because  of  its 
closely  folded  character.  It  is  probably  more  than  1,000  feet  thick. 

Distribution.  The  Conestoga  limestone  covers  all  of  the  area  south 
of  Lancaster,  Rohrerstown,  and  Donnerville,  with  small  outlying  areas 
north  of  Lancaster,  at  Dillerville,  and  north  of  Rohrerstown.  West  of 
Donnerville  it  occupies  the  syncline  between  the  uplifts  of  Cambrian 
quartzite  in  the  i\Ianor  Hills  and  Mountville  Hill.  It  also  forms  the 
valley  around  Columbia,  where  its  basal  sandy  and  slaty  member  is 
mai)pable. 

A(je  and  relation  to  other  formations.  The  Conestoga  limestone  over- 
lies  the  Ledger  dolomite  in  the  ea.stern  part  of  the  quadrangle,  and  its 
contact  with  that  formation  is  excellently  exposed  in  the  quarries  and 
rock  exposures  near  the  Lancaster  City  waterworks,  northeast  of  the 
city.  Here  the  basal  conglomerate,  made  up  of  masses  of  white  marble 
as  much  as  5 feet  across,  re.sts  on  the  eroded  surface  of  the  Ledger 
dolomite.  (8ee  PI.  X,  B.)  in  places  filling  narrow  solution  channels  be- 
tween pinnacles  of  the  bedrock.  (See  PI.  XI,  A.) 

At  Donnerville  the  Conestoga  limestone  overlaps  the  Kinzers  forma- 
tion onto  the  underlying  Vintage  dolomite,  and  to  the  southw^est  it 
rests  chiefly  on  the  Vintage.  In  the  vicinity  of  Columbia  it  again 
overlies  Ledger  dolomite.  This  overlapping  relation  of  the  Conestoga 
limestone  to  the  underlying  formations  had  been  observed  before 
Ordovician  fossils  were  found  in  it,  and  it  Avas  thus  known  to  be 
younger  than  the  Lower  Cambrian  Ledger  dolomite,  on  Avhieh  it  rests 
unconformably.  This  unconformity  by  OA’erlap  has  been  described 
in  detail  by  Stose  and  Jonas. ^ 

The  Ledger  dolomite  in  the  central  part  of  this  area  is  overlain  by 
the  Elbrook,  Conococheague,  and  BeekmantoAvn  limestones  Avithout  a 
structural  break  in  the  sequence.  The  Conestoga  limestone  does  not 
resemble  any  of  these  formations  lithologically,  and  it  was  therefore 
considered  to  be  probably  of  post-Beekmantown  age.  In  1922  fossils 

^Stose,  G.  W.,  and  Jonas.  A.  I..  Ordovician  overlap  in  the  Piedmont  province  of  Pennsylvania 
and  Maryland:  Geol.  Soc.  America  Bull.,  vol.  34,  pp.  510-51^,  19li3. 
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A.  ('<)ai‘s<“  liiiiestoiK*  coiigloim'ratc  at  base  of  CoiH'stoga  liiiH'stoiu'  at  old 
<liiai'i-,v  iiOi’th  of  Ijan<'ast(‘i'  waterworks. 


15.  Large  limestone  masses  in  basal  eonglomerate  of  the  Com'stoga  lime- 
stone, showing-  uneonformable  relation  to  underl.ving  Ledger  dolomite,  at 
old  quarry  north  of  lameaster  wat»‘rworks. 
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PLATE  XI 


A.  (’oiK'slo^a  liinostoiH'  Iii‘«“C‘C'ia  filliii<>'  a channel  in  the  iinderlyiii”-  Ledger 
dolomite,  near  Laiieastei-  \vat<‘r\voi'ks. 


1$.  Antielin<“  in  Kinzers  formation,  the  i)lun«{ins  east  end  of  t'hestmit  Hill 
anticline.  Harrishnrfj  road  near  Dillerville. 


l’OXEST(  )(:a  limestone 
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were  collected  in  the  Conestoga  limestone  east  of  York/  and  the  one 
determinable  species,  Htruphotnena  stosei,  is  re^’arded  by  Bassler  as 
probably  Chazy.  This  form  is  found  also  in  the  PT-ederiek  limestone- 
too'ether  with  Acuhtspis  itlnclu,  T nartlius  sp.,  and  new  si)ecies  of  tli<‘ 
genera  Keteocrinusf,  (Unneroceras,  and  IsotelK.s.  This  fauna  can  not 
be  correlated  with  any  known  fauna  but,  according  to  Bassler,  sug- 
gests Chazy  age. 

In  1928  the  writers  suggested  that  the  Conestoga  limestone  is  ap- 
])roximately  ecpiivalent  to  the  Cocalico  shale,  to  the  north,  wlucli  was 
considered  to  be  also  of  Chazy  age  and  to  i'e])i’esent  shale  de])osition 
in  a more  open  jiart  of  the  basin."  It  has  since  l)een  recognized  that 
the  Cocalico  shale  is  iiossibly  of  lowei-  Trenton  age  and  therefore 
.vonnger  than  the  C'onestoga  limestone.  The  Cocalico  shale,  the 
i\Iartinsburg  shale  of  the  main  belt,  and  the  shale  of  the  Steelton  ai’ea 
in  Dauphin  County  and  othei’  shale  areas  south  of  the  main  belt  un- 
conformably  overlie^  limestones  ranging  in  age  from  Black  River  down 
to  the  Conococheagne  and  probably  to  the  Middle  Cambrian  Elbrook 
limestone.  The  unconformity  in  that  area  was  ajiparently  post-Black 
river.  The  Conestoga  limestone  in  the  vicinity  of  Norristown,  IMont- 
gomery  County,  is  said  to  overlie  the  Beekmantown  limestone.  In 
the  Quarryville  (luadrangle,  .southeast  of  the  Lancaster  (piadrangle. 
the  Conestoga  limestone  overlai)s  onto  tlie  Harpers  schist.  The 
Frederick  limestone,  Avith  which  the  Conestoga  is  approximately  corre- 
lated on  the  basis  of  containetl  fossils,  nnconformably  overlies  the  Beek- 
mantown limestone  in  the  Frederick  Valle.v  and  also  overlaps  onto  the 
Antietam  quartzite  in  that  part  of  iMaryland.  If  the  fossils  of  the 
Conestoga  and  Frederick  limestones  are  correctly  interpreted,  those 
formations  are  not  oidy  oUler  than  the  IMartinsburg  shale,  but  their 
deposition  followed  an  erosion  period  earli(*r  than  that  which  jireceded 
the  deposition  of  the  IMartinsburg  shale  in  the  north. 

The  Conestoga  limestone  basin  lies  south  of  the  Welsh  Mountain- 
Chestnut  Hill  anticline;  the  basin  in  which  the  Cocalico  and  Martins- 
l)urg  shales  Avere  dei)osited  lies  north  of  that  ui)lift.  It  is  ])ossible  that 
in  early  Ordovician  time  this  anticline  acted  as  a ])artial  barrier  be- 
tAveen  the  tAVo  basins,  in  which  are  recorded  such  differences  in 
(U’osional  and  dejmsitional  history  after  BeekmantoAvn  time;  or  it  may 
be  that  the  tentative  assignment  of  the  loAver  ])art  of  the  Conestoga 
and  Frederick  limestones  to  the  Chazy  epoch  is  incorrect  and  that 
they  are  of  later  age  and  ecjuivalent  to  the  iMartinsburg  and  Cocalico 
shales;  or  the  Cocalico  shale  and  the  Martinsburg  shale  in  this  region 
began  earlier  than  is  supposed. 

'Mem.  p.  520. 

-Bassler.  II.  S..  Maryland  Geol.  Survey.  Cambrian  and  Onlovician.  p.  117,  1019. 

^Stose,  G.  W.,  and  Jonas.  A.  I.,  op.  oit.,  p.  524. 

■'xStose.  G.  W.,  and  Jcnas.  A.  I.,  Ordovician  shale  and  lava  in  southeastern  Bennsy  1 vu iiia : Geul. 
Soe.  American  Bull.,  vol.  38.  pp.  505-53t>.  11>27. 
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TRIASSIC  SYSTEM. 

Xewai-k  Group.-'' 

Ill  tlie  northern  jiart  of  the  Lancaster  iinadrangie  the  Ordovician 
rocks  are  overlain  unconforniably  by  Triassic  sandstone,  conglomerate, 
and  shale.  These  rocks  are  ])ai’t  of  the  belt  of  Triassic  rocks  called 
the  Newark  grouj),  which  enters  Penn.sylvania  from  New  Jersey, 
crosses  Pennsylvania  in  a southwesterly  direction,  and  extends  across 
Maryland  into  Virginia.  This  belt,  which  has  a maximum  “width  of 
about  80  miles  at  Delaware  River,  is  only  4 to  5 miles  wide  in  and 
north  of  the  Lancaster  ([uadrangle,  its  narrowest  point.  The  rocks 
are  in  general  red,  with  beds  of  light-gray  sandstone  and  conglomer- 
ate and  light-.yellow  to  greenish  arkose.  The  rocks  almost  everywhere 
di])  northwestward  at  an  average  angle  of  35°,  varying  from  15°  to 
60°.  Two  formations  have  been  distinguished  in  the  Lancaster  quad- 
rangle and  vicinity — a lower  arkosic  formation  called  the  New  Oxford 
and  an  ujiper  red  shale  and  sandstone  called  the  Gettysburg.  Con- 
glomerates and  associated  hard  sandstones,  which  generally  make 
ridges,  are  separately  niai)ped  as  members  of  these  formations. 

New  O.xford  Format  ion.  f 

('luiracter  (Oid  thickness.  The  lower  formation  of  the  Newark  gron]) 
is  characterized  by  the  presence  of  many  beds  of  arkose.  They  are 
generally  light-gray  or  light  greenish-yellow  crumbly  saudstone  Avith 
many  grains  of  white  kaolinized  felds])ar,  glassy  ((uartz,  and  mica 
hakes.  Some  of  the  beds  contain  i-ounded  ])ebbles  of  cpiartz  and 
weather  to  yellowish  or  light-gray  sand  and  gravel.  Interbedded  be- 
tween the  arkosic  layers  are  red  shale  and  soft  sandstone,  which  make 
small  valleys  between  iddges  and  spurs  capi)ed  by  arkose.  The  accom- 
panying sketch  .section  across  the  Tria.ssic  rocks  north  of  Penryn  (see 
fig.  5) shows  the  alternate  of  red  shale  and  gray  sandy  rocks.  The  color 
banding  where  these  layers  ci-oss  roads  and  plowed  fields  is  very  notice- 
able. The  rythmic  occurrence  of  rocks  of  such  diffei’eut  character  sug- 
gests seasonal  de]K)sition.  Only  the  most  promment  of  these  beds  are 
illu.strated  in  the  section  of  figure  5.  The  arkosic  beds  are  extensiA’el.y 
dug  for  building  sand  in  the  viciidty  of  Ei)hrala,  in  the  New  Holland 
(piadrangle,  and  to  some  extent  near  Mastei'sonville,  in  the  north- 
western part  of  the  Lancaster  quadrangle.  At  Ilopeland  a basal  con- 
glomeratic layer  com])osed  lai-gely  of  coarse  ])ebbles  of  crystalline 
limestone  in  a red  shale  matidx  rests  on  the  Cocalico  shale. 

Near  the  to]A  of  the  formation,  1 mile  north  of  lIo])eland,  in  a i-avine 
on  the  west  side  of  a secondary  road,  a coal  ju'ospect  exposes  the  follow- 
ing section : 


■'Newark  series  of  I’ennsyhanin  (Jeoloffical  Survey.  (G.  II.  A.) 
tXew  Oxford  ;;roiii)  of  Pennsylvania  Geoloffieal  Survey.  (G.  II.  A.) 


NEW  (»XF()]U»  EOKMATIOX 


4<J 


Fift'.  5.  Sketch  section  of  Triassic  rocks  iiortli  of  Feiiryii,  sliowiiisf 
alternation  of  beds  of  red  shale  and  fifay  sandstone. 


Section  lit  coni  proxiicrt  north  of  Jlopeliinit 

Fcrt 

tlreenish  saiulstoiie  c<intaiiiiii};'  plant  i-cniains  with  thin  coaly  films  . . 


P^ine  crumbly  conglomerate  1 

Ked  crumbly  .shale  1(1 


Similar  coal-bearino-  beds  near  the  top  of  the  formation  oeenr  in 
the  railroad  ent  at  iMonnt  Hope.  Tlie  beds  here  are  thin  evendtedded 
dark-gray  earbonaeeons  arkosie  sandstone,  containing  mica  and  shale 
fragments,  and  a thin  carbonaceous  conglonierate  with  carbonized 
])lant  remains.  Although  the  finding  of  these  thin  coal  seams  has  led 
to  the  digging  of  ])rospect  pits  and  sinking  of  sliafts,  there  is  no 
jtrobability  that  coal  seams  of  workable  size  ocenr  in  tin*  Triassic  rocks 
of  this  region. 

The  top  of  the  New  Oxford  formation  in  this  ([iiadrangle  is  jjlaced 
at  the  bottom  of  a heavy  (piartzose  conglomerate  which  forms  Klizabeth 
Furnace  Hill  and  is  closely  associated  with  soft  red  sandstone  of 
the  type  found  in  the  (fettysburg  shale  and  is  therefore  included  in 
that  formation.  West  of  IMount  Hope  the  conglomerate  thins  out, 
owing  in  part  possibly  to  faulting,  and  the  New  Oxford  formation 
in  the  Lancaster  (piadrangle  is  maifped  to  the  base  of  the  great  in- 
trusive diabase  sill  that  forms  (Jovernor  Dick  Hill.  The  thickness 
determined  from  width  of  outcroji  and  di])  of  beds  is  about  4,.3()()  feet. 

Distribution  and  relation.  The  New  Oxford  formation  makes  a 
belt  about  Dg  miles  wide  across  the  (piatlrangle  from  the  region  north 
of  Hopeland  to  Llston\  ilh*  and  IMount  Hope.  Wt'sf  of  Klstonvilb’  the 
belt  .swings  southwestwai-d  to  Mastersonville,  beyond  which  it  widens, 
becoming  miles  wide  in  the  IMiddletown  (piatlrangh'.  The  forma- 
tion rests  uncon formably  on  the  C'ocalico  shale  throughout  the  Lan- 
caster quadrangle.  The  unconformable  relation  is  well  shown  on  the 
ma[)  by  the  basal  beds  of  the  1 riassic  wrapping  around  the  truncated 
ends  of  the  anticlinal  belt  of  purple  and  green  shale  and  white  qnar+zite 
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in  the  lower  part  of  the  Cocalico  shale  west  of  Whiteoak  and  south  of 
Mastersonville. 

Age  and  correlation.  No  determinable  fossils  have  been  found  in 
the  New  Oxford  formation  in  this  area.  The  few  plant  remains  that 
were  obtained  are  indeterminable.  A few  fossil  i)lants  and  reptile 
remains  have  been  found  in  the  lower  beds  of  the  Newark  group  in 
western  Lancaster  County  and  in  York  County,  and  shells  were  ob- 
tained from  the  basal  beds  near  New  Oxford,  Adams  County.  These 
establish  the  ui)per  Triassic  age  of  the  rocks.  The  formation  is  named 
from  tlie  town  of  New  Oxford,  where  the  Triassic  formations  have  been 
studied  in  detail  and  their  thickness  determined.'  The  formation  has 
the  same  lithologic  character  as  the  Stockton  formation,  the  lower 
formation  of  the  Newark  group  in  the  eastern  part  of  the  State,  and 
these  two  formations  are  approximately  equivalent,  but  the  Lockatong 
shale,  which  overlies  the  Stockton,  thins  out  near  Elverson,  Chester 
County,  and  has  no  representative  in  the  Lancaster  area. 

Gettysburg  Shale. 

Character  and  thichness.  The  Gettysburg  shale  in  the  type  area  is 
made  up  chiedy  of  soft  red  shale  and  soft  red  sandstone.  Northeast  of 
the  Gettysburg  area  a lenticular  mass  of  heavy  conglomerate,  which 
makes  the  Conewago  Hills,  lies  within  the  formation,  and  a 
similar  lenticular  mass  of  heavy  conglomerate  and  hard  sandstone 
makes  up  a large  part  of  the  Gettysburg  formation  in  the  Lancaster 
quadrangle.  This  conglomerate,  here  named  the  Elizabeth  Fnrnace 
conglomerate  member,  begins  west  of  Mount  Hope,  where  it  makes 
low  hills.  Northeast  of  Mount  Hope  it  forms  the  prominent  ridge 
called  Elizabeth  Furnace  Hill,  from  which  it  takes  its  name,  and 
passes  northeastward  out  of  the  quadrangle.  Hammer  Creek  cuts  a 
gorge  through  the  ridge,  and  the  conglomerate  is  there  seen  to  have 
at  the  top  massive  hard  pebbly  sandstone,  which  caps  the  high 
ridge;  at  the  base  thinner  and  less  pebbly  sandstone,  which  forms  a 
shoulder  and  line  of  knobs  and  ridges  on  the  south  slo])e ; and  in  the 
middle  scattered  hard  conglomerates  and  sandstones.  The  conglomer- 
ate member  has  a maximum  thickness  of  about  2,500  feet. 

The  upper  beds  of  the  formation  consist  of  soft  red  sandstone  and 
shale,  which  lie  between  the  north  foot  of  the  conglomerate  ridge  and 
a strike  fault  to  the  north.  A small  area  of  the  same  soft  red  sandstone 
can  be  seen  between  the  conglomerate  and  the  fault  northwest  of  Mount 
Hope. 

The  soft  red  sandstone  and  shale  of  the  Gettysburg  formation  are 
well  shown  in  the  lowland  south  of  Mount  Gretna  Lake.  The  forma- 

^Stoee,  G.  W..  U.  S.  Geol.  Survey,  Geol.  Atlas.  Fairfield-Gettysburg  folio  (No.  225)  1920: 
Geology  of  Adams  County,  Pennsylvania  Geol.  Survey  Kept.  C*.  1927. 
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lion  contains  in  that  area  thick  beds  of  red  coarser  pebbly  sandstone 
Avhich  forms  low  hills,  but  as  they  are  not  prominent  they  are  not 
separately  mapped.  These  pebbly  sandstone  beds  wliere  indurated 
by  intrusive  diabase  form  higher  hills,  such  as  Spring  Hill,  north  of 
Mount  Hope,  and  part  of  Governor  Dick  Hill.  The  Gettysburg  shale 
above  the  conglomerate  present  in  the  northwest  corner  of  the  Lancaster 
•juadrangle  is  estimated  to  be  about  2,000  feet  thick. 

Age  and  correlation.  The  Gettysburg  shale  is  named  from  Gettys- 
burg, Adams  County,  where  it  was  studied  in  detail  and  first  de- 
scribed. The  general  soft  shaly  character  of  the  formation  persists 
where  conglomerate  or  pebbly  sandstone  do  not  ]u-edominate,  but  in 
I he  Lancaster  quadrangle  only  a .small  part  of  the  formation  consists 
of  soft  red  shale  and  sandstone  like  those  in  the  Gettysburg  area.  Fos- 
sils obtained  in  York  County  and  elsewhere  determine  these  beds  to 
be  of  upper  Tria.ssic  age.  The  formation  is  lithologically  similar  to 
the  Brunswick  shale,  the  upper  formation  of  the  Newark  group  in  the 
eastern  part  of  the  State,  and  they  are  approximately  equivalent. 


TERTIARY  AND  QUATERNARY  SYSTEMS." 


Terrace  Gravel. 

High-terrace  gravel.  A few  remnants  of  river  gravel  on  terraces  at 
an  altitude  of  520  feet  occur  on  spurs  on  the  south  side  of  Chestnut 
Hill,  northeast  of  Columbia.  The  deposit  consists  of  sand,  gravel,  and 
rounded  cobbles  of  quartzite  which  were  probably  deposited  by  Susque- 
hanna River  when  its  tloor  stood  at  this  level.  The  river  has  since  cut 
its  channel  about  300  feet  lower,  and  four  small  remnants  are  all  that 
remain  of  the  flood-plain  deposit  of  that  stage.  It  is  correlated 
with  the  Bryn  Mawr  gravel,  of  probable  Pliocene  age.- 

High  gravel  occurs  ou  the  hilltops  south  of  Mountville  at  a some- 
what lower  level,  440  to  460  feet.  Rounded  quartzite  cobbles  and 
lobbies,  quartz  sand,  some  deep-red  soil,  and  a layer  of  white  clay 
are  exposed.  These  gravely  deposits  are  probably  somewhat  younger 
Than  those  on  the  520-foot  level  and  are  correlated  with  the  Brandy- 
wine gravel,  of  probably  earliest  Pleistocene  age. 

Lower-terrace  gravel.  River  gravel  occurs  on  a lower  terrace  in  and 
.south  of  Columbia  and  near  AVashingtonboro,  at  an  altitude  of  320  to 
340  feet.  The  gravel  on  this  terrace  is  characterized  by  large  very 
scattered  boulders  of  (piartzite,  3 feet  and  more  in  diameter.  These 
large  ma.sses  were  probably  brought  down  ISusquehanna  River  on  float- 
ing ice  and  indicate  a cold  climate,  probably  during  the  glacial  epoch, 
and  the  deposits  are  probably  of  early  Plei.stocene  age.  Leverett  has 


^ ’Frank  Leverett,  U.  S.  Geol.  Siirv.  who  has  been  stiiilj-ing,  these  gravels  tliroiighout  the 
husyuehaiina  Galley,  is  inelined  to  place  all  of  these  gravels  under  the  ddO  foot  level  in  the 
I’leistocene.  IG.  H.  A.) 

-Stose.  G.  W.,  High  gravels  of  Sus(inehanna  Kiver  above  Columbia,  I'a.  ■ Geol  Soc  Amer 
Bull.  vol.  39,  pp,  1073-1086,  1928. 


recently  correlated  these  gravels  with  the  Illinoian  stage  of  glaciation. 
The  gravel  and  sand  at  this  level  are  also  present  on  the  hills  south  of 
Washingtonhoro,  and  are  widely  distributed  on  the  hills  northwest  of 
^Marietta,  in  the  Middletown  <(uadrangle,  where  they  raiige  generally 
from  860  to  880  feet  in  altitude  and  in  some  places  reach  400  feet. 

Younger  gravels  on  a ten-ace  at  260  feet  altitude  occur  south  of 
Washingtonhoro  and  extend  into  the  Lancaster  cpiadrangle,  and  other 
gravels  occur  on  a still  lower  terrace,  40  feet  above  the  river. 

Rccevf  stream  alh(viam.  Recent  alluvium  covers  the  tlood  plains  of 
the  ])resent  streams.  The  alluvium  of  pratically  all  the  streams  in 
the  area  is  largely  fine  silt,  sand,  and  fine  gravel,  derived  from  soft 
rocks.  None  of  the  tlood  plains  are  wide  enough  to  warrant  mapping 
the  alluvium.  Susquehanna  River  is  more  than  a mile  wide  in 
the  quadrangle,  and  there  is  no  mappahle  alluvium  along  it.  The 
islands  are  mostly  bed  rock  outcrops  with  thin  sand  and  mud  covering. 

IGNEOUS  ROCKS. 

Pegmatite. 

Pegmatite  composed  of  coarsely  crystalline  glassy  quartz  and  pink 
orthoclase  fills  crevices  in  hn*cciated  Cambrian  cpiai-tzite  near  ^Marietta 
•Tiinction.  It  occurs  at  three  places  in  this  area — in  the  Antietam  (piartz- 
ite  at  the  nortlnvestward-i)lnnging  end  of  the  northern  part  of  the 
Chestnut  Hill  anticline,  east  of  the  Landisville  roa-l  ; in  the  brecciated 
Antietam  quartzite  in  the  faulted  area  west  of  the  road;  and  in  dark 
sandy  schist  associated  with  Cliickies  (piartzite  in  the  narrow  fault 
block  east  of  the-  Landisville  road.  (See  fig.  6.) 

The  j)egmatite  is  in  Lower  C'and)rian  strata  and  therefore  was  in- 
jected into  these  rocks  at  least  as  late  as  early  Paleozoic  time.  Its 
deposition  ajipears,  moreover,  to  have  been  closely  associated  with  the 
brecciatiou  of  the  Cambrian  strata  when  they  were  folded  as  it  fills 
crevices  betwcf-n  brect-ia  fragments,  and  therefore  it  may  be  of  late 
Paleozoic  age. 

Triassic  Uiabase. 

Large  sill.  The  Triassic  rocks  are  ])enetrated  by  diabase  which  occurs 
chi'etly  as  a thick  intrusive  sheet  between  the  sedimentary  beds 
but  is  in  part  crosscutting.  There  are  also  many  diabase  dikes.  The 
sill  extends  across  the  northwf'stei'n  part  of  the  quadrangle  from 
Hammer  Creek  to  the  western  edge.  It  is  cut  off  on  the  south  by 
a fault  running  N.  70°  E.  and  is  offset  by  a cross  fault  that  passes 
between  Spring  Hill  and  Governor  Dick  Hill.  In  the  Hammer  Creek 
valley  the  sill  a])])ears  to  be  cut  by  tbe  fault. 

This  large  diabase  mass  is  part  of  the  sill  that  extends  southwest- 
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ward  past  Lawn  to  the  vicinity  of  Elizabethtown,  in  the  Middletown 
(juadran^le,  and  7nay  be  called  the  Lawn  sill.  In  the  viciinty  of  Lawn, 
where  both  the  top  and  bottom  of  the  sill  are  seen  to  dip  :f()°  .\\V., 
l)arallel  to  tlie  inclosing'  strata,  it  is  Lb()()  feet  thick,  'rids  sill  ap- 
parently lies  in  the  form  of  a basin,  its  crosscut tiji;;  northwestern  ed"e 
emerging  at  the  surface  at  the  ('oimwall  mine.  Betwtcm  (iovernoi' 
Dick  Hill  and  Spring  Hill  the  sill  is  raised  so  that  is  is  exposed  en- 
tirely aci’oss  the  basdn,  but  it  may  l)e  here  in  part  a crosscutting  mass. 


Fi};'.  (i.  (icolooic  map  of  area  near  Marietta  .liinetioii  sliowin*;' 
oeeurreiiee  of  |)e<>'iiiatit«‘ 

Letter  symbols  aro  tlm  sainr  as  thoso  on  i^tMilouio  inai..  IVyinjitito  shtiwn  by  liravy  tljislies. 

The  diabase  in  tin-  sill  is  medium  to  coarse  gi-fdned,  with  tinc-gi-aincd 
border.  The  dikes  are  all  tine  grained.  'fhe  diabase  is  a black 
to  gray  ciystallitie  rock  with  a diabasic  or  oi)hitic  texture.  Its  con- 
stitutents  are  grayish  ftddspar,  whicdi  is  a labradoidte.  and  sparkling 
green  augite.  In  the  coar.ser  gi’ained  variety  feldspar  i)redominates. 
and  such  rock  is  locally  called  a grainte.  The  t)ther  minerals  present, 
which  can  be  detected  oidy  with  the  ndcrosco])e,  are  magnetite,  ai)atite, 
and  a little  quartz.  In  a i)art  of  the  area  augite  is  developed  in  larger 
crystals,  which  form  bronze  si)Ots  in  the  lighter  groundmass. 

Diabase  makes  exceHent  road  material  because  of  its  hardness  and 
binding  qualities,  but  no  (piarries  in  it  are  being  oi)erated  in  this 
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A.  Roiiiidod  i'(‘f«id»ial  fliabase  masses  1 milt'  iioi'tliwest  of  Mount  Hope. 


H.  Rounded  diabase  masses  displaec-d  to  form  large  eaverns.  1 mile  north 

west  of  Mount  Hope. 


DIABASE 


quadraiig'le.  Because  of  their  resistance  to  weatliering  the  larger 
diabase  masses  give  rise  to  Idlly  country  with  thin  soil  and  for  the 
most  part  thickly  strewn  with  large  rounded  diabase  boulders  (see 
PI.  XII)  whose  presence  unfits  the  land  for  cultivation,  consecpiently 
these  areas  are  usually  left  in  forest. 

The  diabase  sill  has  baked  the  Triassic  sedimeidary  rocks  along  its 
borders  for  a width  of  about  one-eighth  of  a mile.  The  baking  has 
indurated  the  shale  into  hard  resistant  porcellanite,  has  changed  its 
color  from  red  to  blue-black  by  oxidation  of  the  iron  contcmt,  and  has 
developed  new  minerals  in  it.  These  minerals  are  epidote  ami  nodules 
of  chlorite  pseudomoi'phic  after  cordierite.  On  weathering  these  nod- 
ules stand  out  like  round  knots  and  give  the  rock  a spotted  eftect.  The 
sandstone  is  indurated  to  a haial  light-colored  cpiartzose  rock,  some 
of  which  is  porous. 

Dikes.  The  dikes  are  fillings  of  fissures  in  the  sedimentary  I’ocks 
by  the  diabase  magma  which  was  intruded  between  the  beds  of  Tri- 
assic sediments  to  the  north  and  there  formed  the  Lawn  sill  of  dia- 
base. The  dikes  cut  the  Triassic  rocks  as  well  as  the  Paleozoic  and 
are  therefore  of  late  Triassic  age.  The  longest  diabase  dike  extends 
south  of  Xaumanville  to  Salunga,  south  of  which  it  follows  a fault  plane 
in  the  limestone  to  iMarietta  Junction,  where  it  turns  at  a sharp  angle 
to  the  southeast  along  another  fault  ])lane  aud  extends  south-south- 
eastward to  the  south  edge  of  the  cpiadrangle. 

The  next  longest  dike  is  in  the  Cocalico  shale  and  has  been  traced 
westward  from  a i)oint  1 mile  we.st  of  Whiteoah  to  the  edge  of  the 
quadrangle.  It  is  joined  by  a branch  dike  1 mile  southeast  of  Master- 
.sonville  and  is  i)aralleled  by  another  dike  east  of  El.stonville.  There 
is  a dike  near  Bi-ickerville  which  extends  southwestward  to  Brubakei- 
and  another  ])arallel  one  to  the  east.  Anothei-  dike  in  the  gorge  of 
Hammer  Creek  ajquirently  cuts  Elizabeth  Furnace  Hill. 

GEOLOGIC  STRUCTURE. 

Sediments  are  de])()sited  in  a flat  or  nearly  flat  position,  one  layer 
on  top  of  another.  In  areas  that  have  not  been  subjected  to  differ- 
ential uplift  or  compression  the  sediments  remain  in  this  horizontal 
])osition  today  no  matter  how  long  ago  they  were  de])osited.  In  areas 
that  have  been  conqu'essed  by  mountain-making  forces  within  the 
earth  the  sedimentary  layers  become  folded.  :\Iost  of  the  rocks  in  the 
Lancaster  quadrangle  are  greatly  folded  and  do  not  occu])y  the  posi- 
tions in  which  They  were  laid  doivn.  Even  the  Triassic  rocks,  the 
younge.st  consolidated  rocks  in  the  area,  have  been  tilted  and  broken 
by  faults,  but  they  have  not  been  folded.  The  older  rocks  have  been 
he.xecl  into  folds  that  are  elongated  in  a northeasterly  direction,  normal 
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to  the  direction  of  coin])i-ession.  The  upfolds  are  called  anticlines 
and  the  downfolds  synclines.  The  anticlines  and  syneiines  alternate 
like  waves  of  the  sea,  the  east  limb  of  an  anticline  forming  the  west 
limb  of  the  adjacent  syncline.  The  dip  or  inclination  of  the  strata 
varies  according  to  the  position  of  the  beds  in  the  fold  and  the  steep- 
ness of  the  folding.  The  folding  in  the  southern  part  of  the  Lan- 
caster area  is  close  and  unsymmetrical,  the  beds  on  tbe  north  sides 
of  anticlines  being  nearly  vertical  or  even  overturned,  so  that  they 
dip  toward  the  south.  The  folding  is  more  gentle  north  of  Chestnut 
Jlill  and  the  Fruitvillc  Hills. 

During  compression  v/ithin  the  earth  the  rocks  broke  as  well  as 
bent,  and  the  breaks  thus  formed  are  called  joints  and  faults.  Breaks 
along  which  there  has  been  little  or  no  movement  are  called  joint 
planes,  and  breaks  along  which  there  has  been  displacement  of  the 
rocks  are  called  faults.  All  the  rocks  of  the  Lancaster  quadrangle 
have  been  faulted,  and  those  of  the  southern  part  of  the  area  have 
been  much  tlisi)laced  by  both  normal  faults  and  reverse  or  overthrust 
faults.  A normal  fault  is  one  in  which  a block  of  the  earth  has  moved 
np  or  down  on  a vertical  or  nearly  vertical  plane  with  reference  to  an 
adjacent  block.  On  some  faults  there  is  considerable  lateral  horizontal 
movement,  and  this  may  predominate  over  the  vertical  movement. 
A dropped  block  that  is  bounded  on  both  .sides  by  nearly  parallel 
normal  faults  is  called  a graben.  A fault  block  that  has  been  raised 
between  nearly  parallel  faults  is  called  a horst.  A reverse  or  over- 
Ihrust  fault  is  one  in  which  one  block  moves  on  an  inclined  plane  up- 
ward with  respect  to  the  adjacent  block.  Normal  or  gravity  faults 
are  the  result  of  tension  in  the  rocks,  whereas  thrust  faults  are  the 
result  of  compression  and  usually  originate  from  overturned  folds 
that  break  along  the  compressetl  limb  and  one  part  moves  up  over 
another  i)art  on  an  inclined  plane.  Certain  great  overthrust  faults, 
also  called  low-angle  thrusts,  are  those  along  which  a large  segment 
of  the  earth’s  crust  has  inoved  forward  and  upward  over  another  large 
segment,  usually  with  a displacement  of  many  miles. 


FOLDS 

The  folding  in  the  Lancaster  area  is  restricted  to  the  Paleozoic  rocks, 
and  the  trend  of  the  folds  is  in  genei’al  N.  80°  E.  The  major  ui)lift 
is  the  Chickies-Chestnnt  Hill  anticline,  and  minor  uplifts  are  the 
[Manor  Hills  and  IMountville  Hill  anticlines.  The  chief  synclines  are 
the  Lancaster-Hillersville  and  Naumanvilie  .synelinoriums.  ( h'ig.  7.; 


Fig.  7.  Structural  axes  and  fault  blocks  in  tlie  liUiicaster  <|ua(lrangl(“. 
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Chickies-Chestmit  Hill  anticline. 

Tlie  Cliickies  anticline  was  named  from  the  exposure  of 
Chiekies  (piartzite  in  an  anticline  at  Chickies  Rock,  on  Susque- 
hanna River,  1^2  miles  west  of  the  edge  of  this  (piadrangle.  (See 
PI.  V.)  This  anticline  trends  east  to  Silver  Spring,  and  the 
uplift  is  continued  iu  the  Chestnut  Hill  auticline  nearly  to  Rohrers- 
town.  The  oldest  rock  exposed  in  this  fold  in  the  Lancaster  quad- 
I'angie  is  the  fdiickies  (piartzite,  which  because  of  its  hardness  forms 
Chickies  and  Chestnut  Hills.  West  of  the  Susquehanna,  in  the  Hellam 
Hills,  the  iqdift  is  greater  and  the  Hellam  conglomerate,  the  basal 
member  of  the  Chickies,  and  underlying  pre-Cambrian  rocks  are  ex- 
])Osed  in  this  anticline.  In  Chestnut  Hill  the  fold  is  essentially  simple, 
cxcejit  at  its  west  end,  but  in  Chickies  Hill  it  is  made  up  of  many 
minor  folds  (see  PI.  V)  which  .seem  to  trend  diagonally  to  the  general 
direction  of  the  axis  and  give  a complicated  jiattern  to  the  area  of 
(’hickies  (piartzite  exjiosed  in  these  folds.  The  Harpers  phyllite  and 
Antietam  (piartzite  overlie  the  Chickies  (piartzite  on  the  flanks  of  the 
anticline  and  dip  under  the  Cambrian  and  Ordovician  lime.stones  of 
the  valley,  which  surround  the  harder  rocks  of  the  ridge  on  the  east 
and  south.  The  minor  folding  and  faulting  at  the  ea.stward-plunging 
end  of  the  anticline  is  brought  out  by  the  sinuous  and  disjointed  char- 
acter of  the  low  ridges  of  Kinzers  shale  in  the  dolomite  lowland.  The 
extreme  east  end  of  the  ])lnnging  anticline  is  ex]mse(l  as  a Ioav  arch 
of  Kinzers  formation  on  the  Harrisburg  highway  1 mile  north  of 
Pohrerstown.  (See  PL  XI,  B.) 

North,  of  Centerville  there  is  a (lonie-sha])e(l  ujilift  of  Antietam 
(piartzite  which  makes  the  northeast  end  of  Chestnut  Hill.  The  (piartz- 
ite (li|)s  northward  under  the  Vintage  dolomite  at  Bamford  and  east- 
ward undm-  the  dolomite  at  Millers  Run.  A syncline  hetween  this 
uplift  and  the  (diestnut  Hill  anticline  also  incloses  Vintage  dolomite 
near  Centm-ville.  It  is  jiossible  that  this  syncline  formerly  connected 
with  the  area  of  Vintage  dolomite  south  of  Silver  vS])riug  and  that 
the  ( 'hickies-Chestniit  Hill  anticline,  which  has  been  broken  by  a 
thrust  fault  along  its  north  side,  was  thrust  over  the  dolomite  in  the 
syncline.  Later  extensive  block  faulting  has  complicated  the  struc- 
ture, and  in  the  eastern  part  of  the  fold  the  structure  is  so  confused 
that  it  can  not  be  positively  determined. 

The  Chickies-Che.stniit  Hill  anticline  is  in  strike  with  the  southern 
part  of  the  Welsh  IMoiintain  uplift,  25  miles  to  the  east,  and  the  Friiit- 
ville,  Hunsecker,  and  other  minor  anticlinal  uplifts  form  a broken  chain 
which  in  a general  way  connect  these  major  anticlines.  The  Fruit- 
ville  anticline  is  broken  by  normal  faults  ou  its  north  and  south  sides 
whereby  it  was  further  uplifted,  and  it  is  described  below  as  the 
Friiitville  anticlinal  horst. 
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Manor  Hills  Aiilirliiie. 

Tile  IManor  Hills  anticline,  north  of  Washino'tonboro,  exjioses  the 
Chiekies  formation  at  its  axis.  It  is  a short  anticline  cut  throug'h 
by  Snsquehanna  Kiver,  and  yhere  it  plunges  eastward  the  Antietam 
quartzite  and  Vintage  dolomite  dip  under  the  ('onestoga  limestone  of 
the  lowland.  A fault  along  the  north  side  cuts  off  its  north  limb. 
Another  anticline  of  this  uplift  exposes  the  Antietam  ([uartzite  which 
forms  the  northern  Manor  Hills.  It  also  is  cut  through  by  Susquehanna 
Kiver  and  is  somewhat  unsymnietrical,  the  beds  on  the  south  limb 
dipping  45°-55°  S.  and  those  on  its  north  limb  being  vertical  to  7d°  S. 
(overturned).  The  anticline  plunges  eastward,  the  Antietam  quartzite 
passing  under  the  dolomite  and  limestone  of  the  valley. 

Moiintville  Hill  Anticline. 

A separate  and  nearly  symmetrical  anticline  of  Antietam  quartzite 
entirely  surrounded  by  Vintage  dolomite  forms  Mountville  Hill.  The 
dips  on  both  limbs  are  about  55°  away  from  the  axis.  The  fold  ])lnnges 
abruptly  eastward  but  not  so  abruptly  toward  the  west,  where  the  sandy 
and  slaty  beds  at  the  base  of  the  (’one.stoga  limestone  exposed  in  a 
plunging  anticline  crop  out  more  than  a mile  west  of  the  Antietam 
quartzite. 

Mai'ictta-Parindnlc  Anticline. 

An  anticline  in  the  limestone  north  of  C’hestnut  Hill  brings  up  the 
Ledger  dolomite  at  Farmdale.  Faidher  west  this  anticline  rises  to 
greater  prominence,  and  the  Antietam  (piartzite  makes  eons])icuous 
exposures  from  (Marietta  westward  to  the  Susquehanna.  This  anticline 
lies  north  of  the  C'hickies  overthrust  fault. 

Lancastcr-Millcrsville  Synclinoriuni. 

A broad  compound  syncline  lies  , south  of  the  Fhe.stnnt  Hill 
anticline  and  Fruitville  anticlinal  hor.st  and  extends  across  the 
southern  ])art  of  the  <piadrangle.  It  is  nnderlain  by  the  Cone- 
stoga lime.stone,  which  is  clo.sely  folded  and  ci'nm|)led.  The  syn- 
cline fingers  out  westward  between  anticlinal  uplifts,  the  northern 
branch  passing  north  of  the  Monntville  Hill  anticline  and  ex- 
tending to  Columbia ; another  branch  lying  between  the  Mountville 
Hill  and  (Manor  Hills  anticlines;  and  the  largest  branch  lying  south 
of  the  Manor  Hills.  The  south  limb  of  this  synclinoriuni  is  formed 
by  anticlinal  hills  of  Antietam  (juartzite  in  the  (McCalls  Ferry  (piad- 
rangle. 

Eclcii  Syiicliiie. 

There  is  a minor  syncline  inclo.sing  Conococheague  limestone  at 
Eden,  north  of  Lanca.ster.  It  separates  the  two  eastern  prongs 
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of  the  Chestnut  Hill  anticline  east  of  Centerville,  wlience  it 
l)lung'es  eastward  toward  Roseville.  It  is  the  west  end  of  a sj’iieline 
which  lies  between  the  two  westward-])lung'ing  anticlinal  prong’s  of 
the  Welsh  Mountain  uplift,  in  the  New  Holland  quadrangle. 

Naumanville  Syncliii’oriiiin. 

The  Coealico  shale  around  Naumanville  occupies  a broad  syn- 
cline which  toward  the  east  is  divided  into  three  synelines  .sepa- 
rated by  two  anticlines.  The  .southei-n  .syncline  extends  through 
.Sporting  Hill  and  Kissel  Hill.  It  is  the  westward  extension 
of  the  Ephrata  syncline  of  the  New  Holland  (piadrangle,  where 
the  syncline  contains  not  only  Cocalico  shale  but  remnants  of 
overlying  Triassic  sandstone.  The  Manheim  anticline,  exposing  the 
lieekmantown  and  Conococheagaie  limestones,  separates  this  southern 
fold  from  a middle  syncline  of  shale  which  trends  southeastward 
through  Lexington  to  Rrunnerville.  The  anticline  is  ])robably  indi- 
cated in  the  shale  west  of  Naumanville  by  the  bands  of  pur])le  and 
green  shale  and  hard  sandstone  which  occur  near  the  base  of  the 
(localico  foi’ination.  The  middle  syncline  is  separated  from  the 
northern  syncline  of  shale  at  Brickerville  by  the  Penryn  anticline  which 
brings  Reekmantown  limestone  to  the  surface  south  of  Clay.  The 
bands  of  purjde  and  green  shales  and  thin  (piai’tzite  at  Penryn,  White- 
oak,  and  Union  Hqxiare,  represent  ba'al  beds  of  the  Coealico  brought 
U])  by  this  anticline  within  the  shale  area. 

FAULTS. 

Tliriist  Faults. 

There  is  oidy  one  fault  in  the  area  that  is  (piite  certainly  a 
thrust  fault.  The  anticline  that  forms  duckies  and  Chestnut 
hills  has  lieen  broken  on  the  north  side,  and  the  Cambrian  quartzose 
rocks  in  the  anticline  have  been  thrust  northward  over  younger  lime- 
stones of  the  valley.  This  fault  has  b(*en  traced  from  the  month  of 
Codorus  ('reek,  in  the  IMiddletown  (piadrangle,  eastward  to  Centerville. 
Last  of  the  mouth  of  Cotloiuis  Creek  the  trace  of  the  fault  plane  lies 
along  the  north  side  of  the  Hellam  Hills  as  far  as  Hellam  Point. 
Here  the  fault  crosses  .Suscpiehanna  Rivei-  to  the  north  side  of  the 
Chickies  anticline.  At  Accomac,  a mile  west  of  Hellam  Point,  pre- 
Cambrian  and  basal  Cambi’ian  rocks  are  ex})Osed  in  the  highest  point 
of  the  anticline  thrust  over  Ledger  dolomite.  In  the  Lancaster  area 
as  far  east  as  Silver  Spring  the  Chickies  quartzite  and  Harpers  i)hyllite 
ai’e  thrust  over  the  Conoeocheague  limestone  along  the  fault  plane. 

The  overthrust  block  is  otfset  one  mile  by  a later  diagonal  normal 
fault  which  passes  northeastwai’d  through  Columbia,  and  the 
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north  pdg^o  of  tlio  ovorthriist  block  is  offset  to  Iroiivillc.  Avheiicc  it  ex- 
tends eastward  again.  In  this  part  of  the  fault  the  Chiekies  (juartzite 
and  Harpers  phvllite  are  overthrust  onto  the  Vintage  dolomite  of  the 
lowland  south  of  Silver  Spring.  The  structure  of  the  eastern  part  of 
Chestnut  Hill  is  greatly  confused  by  a network  of  normal  faults,  and 
the  thrust  fault  is  lost  in  the  maze  and  can  not  he  distinguished  farther 
east. 

This  thrust  fault  appears  to  be  the  northern  broken  edge  of  the 
main  anticline  of  the  Chestnut  Hill  uplift  overthrust  northward  onto 
the  Vintage  dolomite  in  the  medial  syncline  of  the  uplift.  If  this  is 
so,  the  throw  of  the  fault  would  diminish  eastward  as  the  folds  ])lunge 
in  that  direction  and  woidd  die  out  in  the  limestone  notH'ar  east  of 
Centerville.  The  confusion  due  to  numerous  normal  faults  in  this 
locality  makes  the  structure  uncertain.  It  is  possible  that  the  thrust 
may  involve  a much  greater  overthrust  block  that  includes  all  of  Chest- 
nut Hill  and  the  intricate  chain  of  fault  blocks  extending  from  Salunga 
through  Landisville,  Pruitville,  and  Landis  Valley  and  north  of  Bink- 
ley. In  that  event  the  thrust  fault  is  buried  in  the  blocks  that  have 
been  dropped  by  normal  faults. 

Xnrnial  Fault.s. 

The  rocks  of  the  Lancastei-  (piadi-angle  are  much  broken  by 
normal  faults.  These  faidts  are  especially  numerous  iu  the  .south- 
central  jiart  of  the  area,  whei’c  they  ai’e  so  inti'icate  that  they 
make  the  solution  of  the  geology  a difficult  problem.  They  fol- 
low four  general  directions — X.  ()0°  E.,  X.  60°  W.,  east,  and  north. 
The  east  and  the  X".  fiO°  E.  faidts  are  in  general  oldei-  than  the  X". 
60°  W.  faults,  which  cut  them.  The  northerly  system  is  appai-ently 
the  most  recent  of  the  seiues,  for  the  faults  of  this  system  offset  all 
the  others.  This  is  very  sti'ikingly  shown  by  the  north-south  fault 
through  Fruitville,  which  offsets  the  easteidy  faidts  that  bound  the 
Fruitville  horst. 

The  movement  along  some  of  these  normal  faults  appears  to  be 
lai'gely  horizontal.  The  offsetting  of  the  Fruitville  horst,  whose  sides 
are  jirobably  nearly  vertical,  amounts  to  a (piaidei'  of  a mile  and  could 
be  accomplished  only  by  horizontal  movement.  Sim  da  i'  offsets  of 
formations  and  normal  faidt  blocks  may  be  observed  along  the  north- 
south  fault  west  of  ^Marietta  Junction,  the  movement  of  which  was 
{irobably  also  largely  horizontal.  The  greate.st  areal  displaceimmt  of 
formations  is  along  the  diagonal  faults  northwest  and  soidheast  of 
Columbia.  The  formations  here  are  inclined,  and  their  offset  1 mile 
by  these  faidts  is  probably  due  largely  to  vertical  movement.  The 
horizontal  movement  seems  to  be  restricted  to  the  system  of  north- 
south  faults,  which  was  also  the  latest. 
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Fig.  8.  Sections  across  the 

Letter  symbols  are  the  same  as  those  oi 


Normal  faitlts  not  only  produce 
oft'sets  in  the  strata,  but  where 
they  are  parallel  to  the  strike  they 
cause  beds  to  disappear  and  to  be 
repeated.  The  broken  up  tri- 
angular area  south  of  Hahinga  is  a 
conspicuous  example  of  repetition 
of  beds  by  faulting.  The  normal 
strike  fault  at  Penryn  Station  cuts 
otf  the  conglomerate  member  of  the 
Gettysburg  shale  north  of  Mount 
Hope.  The  relative  movement  has 
been  down  on  the  south  side  of  the 
fault,  tilting  the  blocks  north- 
ward, as  is  usual  in  this  region. 
The  movement  on  the  east-west 
fault  north  of  Lititz,  on  the  other 
hand,  is  upward  on  the  south  side, 
the  fault  bringing  the  Conoco- 
cheague  limestone  into  contact  with 
Cocalico  shale  north  of  the  fault. 

Fruitville  Anticlinal  Horst. 

A narrow  belt  of  rocks  older 
than  the  adjacent  formations  and 
bounded  on  the  north  and  south 
by  nearly  parallel  normal  faults 
extends  more  than  halfway  across 
the  quadrangle  from  the  vicinity 
of  Oregon  to  Landisville.  The 
Antietam  quartzite  forms  the 
Fruitville  Hills,  in  the  center  of 
the  uplift,  and  several  smaller  hills 
at  the  axes  of  lesser  uplift.  This 
block  has  risen  in  reference  to  the 
rocks  north  and  south  of  it  and 
thus  forms  a horst.  (See  fig  8.) 
Similar  structural  features  having 
an  anticlinal  structure  occur  to  the 
east  and  have  been  described  by 
Stose^  as  anticlinal  horsts. 

The  Fruitville  horst  has  been 
broken  into  several  blocks  by  later 

'Sto8e,  G.  W..  Geol.  Soc.  America  Bull.,  toI., 
3.1,  PI).  4C5-480,  1924. 

Fruitville  anticlinal  horst. 

the  geologic  map.  Plate  II. 
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Transverse  faults.  A north-south  fault  through  Fruitville  divides  it 
into  an  eastern  and  a western  part,  and  a diagonal  fault  cuts  off 
another  smaller  block  south  of  Landisville.  On  the  west  the  horst  is 
terminated  by  a north-south  fault  through  Marietta  Junction. 

The  west  end  of  a similar  block,  called  the  Hunsecker  anticlinal 
horst,  occurs  north  of  Binkley.  It  is  part  of  the  Laurel  Hill  anti- 
clinal horst  of  the  New  Holland  quadrangle  and  is  bounded  on  its 
north  and  south  sides  by  nearly  parallel  normal  faults.  The  Antietam 
(piartzite  is  exposed  in  the  center  of  the  uplift  and  forms  the  hill 
north  of  Binkley. 


Kissel  Hill-Ephrata  Synclinal  Graben. 

The  structural  opposite  of  the  Fruitville  anticlinal  horst  is 
the  synclinal  graben  extending  eastward  from  Kissel  Hill  to  Ei)hrata. 
(See  Fig.  9.)  It  is  a syncline  inclosing  C'ocalico  shale  which 
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Fig.  !).  Sections  across  the  Kissel  Hill-Ephrata  synclinal  graben. 

Lpttur  symbols  ;ire  the  SHine  as  those  on  Keoloelc  map. 
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lias  been  dropped  aloig  nearly  j^arallel  bonnding  i'anits  on  the 
north  and  south  sides.  Tlie  fanlting  was  accompanied  by  a 
northward  tilting  of  the  blocks,  the  downward  movement  on  the 
nortliern  fanlt  being  the  greater.  In  the  vicinity  of  Ephrata  the 
synclinal  grahen  deei)ens  and  the  Triassic  rocks  which  are  preserved  on 
toj)  of  the  Cocalico  shale  are  tilted  northward. 

Age  of  the  Strxietural  Features. 

The  folds  in  the  Paleozoic  rocks  of  the  ((nadrangle  are  older  than 
the  normal  fanlts  that  cnt  them  and  also  older  than  the  Triassic  sedi- 
ments that  lack  this  folding.  The  trend  of  the  folds  is  ])arallel  to 
that  of  the  getieral  Appalachian  folding.  Althongh  in  the  area  adjoin- 
ing the  Lancaster  (piadrangle  minor  folding  took  place  (hiring  early 
Paleozoic  time,  most  of  the  folding  occurred  after  ail  the  Paleozoic 
sediments  now  present  were  deposited.  The  general  folding*  in  the 
A])])alaehian  region  occnri*ed  chietly  at  the  end  of  the  Paleozoic  era, 
during  a period  of  great  compivssion  and  mountain  building  when  all 
the  rocks  in  the  Appalachian  geosyncline  were  folded.  The  folding  in 
the  Paleozoic  rocks  of  the  Lancaster  quadrangle  and  the  associated 
overthrnst  fanlting  on  the  north  side  of  the  Chickies-Chestnnt  Hill 
anticline  probably  took  place  therefore  at  the  end  of  Paleozoic  time. 

The  Triassic  rocks  in  the  northern  part  of  the  Lancaster  (piadrangle 
are  broken  by  normal  fanlts  of  late  Triassic  age,  but  none  of  these 
fanlts  have  been  clearly  traced  into  the  older  rocks.  Most  of  the 
faults  in  the  Paleozoic  rocks  of  the  quadrangle  are  normal  faults  of 
'friassic  type  and  are  also  considered  to  be  of  late  Triassic  age, 
because  Triassic  rocks  are  involved  in  the  normal  faulting  in  the  eastern 
part  of  the  Ephrata  syncline,  just  east  of  the  Lancaster  area,  and  else- 
where in  this  region.  The  fanlt  movement  was  generally  accomplished 
by  shattering  of  the  rocks  in  the  fanlt  zone,  and  the  breaks  were  later 
sealed  with  quartz,  which  is  commonly  found  in  the  soil  along  these 
fanlt  zones. 

MINERAL  RESOURCES. 

Introduction. 

The  mineral  resources  of  the  Lancaster  quadrangle,  in  order 
of  economic  importance,  comprise  limestone,  clay,  sand,  building 
stone,  iron,  lead,  and  zinc.  Ihmestone  occupies  a large  part  of 
the  area  and  has  been  extensively  quarried  for  many  years.  Clay 
is  dug  for  making  brick,  for  which  there  is  a large  demand.  Sand 
is  dug  for  local  use  in  building.  Formerly  the  Lanca.ster  region  pro- 
duced large  quantities  of  iron  ore,  which  was  smelted  in  local  blast 
furnaces. 
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LIMESTONE 

Liinestoiie  is  a scdiiiH^iitfirv  I'cick  t'onnrd  by  (■lu‘iHiL‘;il  pi'ocipitatioii 
from  solution  or  by  tlie  acfiimulation  of  fi-aji'ineuts  or  whole  shells  of 
organisms  that  secrete  calcareous  tests.  Pure  limestone  is  ealcium 
earbouate,  but  few  limestones  are  pure,  and  most  limestoues  eoutain 
variable  amounts  of  magnesia,  silica,  iron,  and  alumina.  Hock  contain- 
ing over  121  per  cent  of  magnesium  carbonate  is  called  dolomite.  Lime- 
stones vary  in  color,  thickiu'ss  of  beds,  and  charactei'  of  weal bei'ing, 
as  well  as  in  composition,  and  they  vary  in  ai)pearance  according  to 
whether  the  rock  is  amori)hous  or  distinctly  crystalline.  In  general 
increased  crystallinity  is  mai’ked  by  a lightening  of  eoloi-.  Thus,  marble 
is  usually  light  blue  or  light  gray  to  white. 

The  chief  difference  in  physical  ai)])(‘arancc  is  diu'  to  a difCeroiee  in 
chemical  composition.  Pure  limestones  are  usually  cream-colored  to 
dove-gray  or  blue;  argillaceous  or  carbonaceous  limestoues  an*  dai'k 
blue  or  black.  iMagnesiau  and  siliceous  limestones  are  haiahu-  and 
heavier  than  jnire  limestone  or  the  ai’gillaceous  varieties  and  w(‘ather 
to  a rough  surface.  The  limestones  of  the  Lancaster  area  can  be  largely 
divided  into  two  classes — dmise,  thick-bedded  crystalline  limestoiu's  and 
dolomite,  and  thin-bedded  limestones  with  slaty  partings. 

The  oldest  limestones  (Vintage  and  Ledger)  are  dense  dolomites;  the 
younger  limestones  i LIbrook,  f'onococheague,  and  Ifeekmantown ) are 
mostly  dense  limestones,  magnesian  oidy  in  i)art.  TIu*  (’onestoga  lime- 
stone, the  youngest  in  the  area,  is  thin-hedded  ami  slaty,  ddie  active 
(piarries  of  the  Lancaster  (piadrangle  are  largely  in  the  ('ouococheague, 
Ifeekmantown,  and  (Conestoga  limestones. 

Uses. 

Limestone'  is  used  e.xte'iisively  for  so  many  purposes  that  a 
complete  discussion  can  not  be  given  here.  Only  some  of  the  lerinciiial 
uses  can  be  mentioned.  Its  lai'gest  use  is  to  supply  crushed  stone'  feei- 
roa'l  material,  ballast,  ami  ceenerete.  It  is  widely  useel  as  fertilizer 
in  the  form  of  finely  gi'eennel  limesteene  auel  eef  burneel  lime';  as  buileling 
stone,  inclneling  curbing  anel  flagging;  anel  as  du.xing  steene  in  the' 
smelting  of  iron  ore'.  It  has  a ceentiuually  increasing  use  iu  the  manu- 
facture e)f  Portlanel  cement.  It  is  burneel  to  lime  anel  tee  hyeli’ate'el  lime' 
for  mortar  ajiel  jelaster.  Dolomite  furnishe's  a refractory  furnace'  lining 
and  is  also  useel  iu  tbe  manufacture'  eef  magnesium  |)roelucts.  The* 
chemical  uses  of  lime  are  many,  chief  of  which  are  in  glass  manufacture, 
in  bleaching  anel  tanning  industries,  anel  in  the  manufacture  of  jeaiTit. 
varnish,  ])aper,  soaj),  sugar,  anel  varieuts  chemicals.  Feer  the  meest  jeart 
a high-calcinm  lime  is  elesii-able  feer  chemical  use'. 

Limestone  leroeluctieen  in  Penn.syl vania  increased  greatly  iu  Ib'db,' 
when  18,250.290  short  tons  was  eiuarrieel,  with  a value  eef  $18,447,871. 
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This  value  vas  surpassed  hy  only  one  other  State,  Indiana,  which  led 
because  of  the  greater  value  of  its  limestone  building  stone.  In  1927 
the  production  fell  off  about  870,000  tons,  but  in  1928,  becaiise  of 
im])roved  business  conditions,  there  was  an  increase  of  9 per  cent  for 
Ihe  country  as  a whole,  and  ])art  of  this  increase  is  represented  by 
Pennsylvania ’s  ])rodimtion. 


Crushed  Stone. 

In  tlie  Lancaster  quadrangle  the  chief  nse  of  limestone  is  to 
sn])])ly  crushed  stoiie  for  road  metal.  It  is  used  also  for  making  con- 
crete and  for  l)allast  for  electric  railroads. 

In  tlie  early  days  limestone  was  quarried  for  building  stone  becanse 
of  its  availability,  and  the  oldei-  houses  and  barns  built  of  limestone 
add  greatly  to  tlie  beauty  of  the  countryside.  Concrete  blocks  made 
of  finely  crushed  limestone  and  cement  and  poured  concrete  foundations 
have  lai'gely  snjierseded  limestone  as  building  stone  because  of  their 
greater  cheapness,  although  buildings  constructed  of  them  are  less 
lileasing  in  aiqiearance.  There  are  several  ])lants  engaged  in  the  manu- 
factui'e  of  concrete  building  blocks  in  the  vicinity  of  Lancaster;  the 
largest  is  the  iilant  of  tlie  Kurtz  Bros.  Concrete  Product  Co.  near 
Ephrata.- 

Exce])t  for  the  llarrisbui'g  road  and  the  Bjihrata-Lebanon  road, 
which  are  made  of  Portland  cement  concrete,  the  highways  in  the 
Lancaster  (luadrangle  are  macadam  with  a bituminous  binder,  or  bitn- 
minons  macadam  Avith  a seal  coat.  The  bituminous  macadam  is  laid 
on  a prc'pared  base,  usually  coai'se  broken  stone.  Concrete  foundations 
toi'  roads  are  not  used  in  this  area. 

In  determining  the  limiting  value  for  crushed  stone  in  various  types 
of  road  construction  tests  are  made  to  determine  the  specific  gravity, 
])ercentage  of  w(>ar,  toughness,  and  crushing  sti'ength.  The  folloAving 
table  is  based  on  data  snjqilied  by  the  Pennsylvania  Department  of 
lliglnvays.  The  locations  of  the  (piai'ries  from  which  the  stone  tested  Avas 
obtained  are  sIkiavu  on  the  map. 


^Coons,  A.  T.,  U.  .S.  Hiir.  Mines  Alineral  Hesources,  lOlil!,  pt.  LA  p.  227,  1927. 

- .Toiins.  A.  1.,  and  Sto.se,  G.  AV.,  Atla.s  of  Peniisylvania,  New  Holland  ijuadrangle;  Penn- 
sylvania Top.  and  Geol.  Survey,  No.  178,  p.  27.  1926. 
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liCnidts  df  h'sts  of  vnished  atone 
(Made  by  tlie  Pfiiiisylvania 


No. 

on 

map 


OwniT  or  operator 


Type 


4 Th('0(lor<'  1..  Forney  l.iiiie?t  mi' 

il  FImer  H.  Hershi'y  ilo 

7 .1.  Ji.  JPieher  ilo 

5 0.  li.  Winters  do 

14  liinkley  & Olier  do 

15  J.  N.  Stauffer  & liro.  . — - do 

17  A.  II.  Eshleman  do 

10  .T.  O.  HuddiiiK  Co.  ___ do 

25  .1,  M.  Brunner  Dolomite 

27  Brookmever  iV:  Goslikey l.iniestone 

2S  H.  Ray  Miller  do 

29  C.  I).  Stoner  do 

"0  C.  I>.  Stoner  do 

:>1  Charles  S.  Bender  do 


from  the  TjO  ncnstcr  ij  Kodrii  iii/lr. 
Deparlmeiit  uf  Iliahways) 
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< li) 

■> 
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0 
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.31  4.. 7 

0 

- 

IP). 4 

.30  5.1) 

25 
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2.77 
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.01  5.1 

15 
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KiB.l 

.00  2.1 
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.17  2.8 
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2.83 
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.02  2.7 

12 

15,420 

2.85 
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.35  2.8 
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2.71 
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12 

0 70 

1H0.7 

.27  3.5 

10 

IS. 720 

2.72 

170.5 

.44  3.0 

0 

15,740 

0 77) 

171.7 

.20  5.0 

•>  7:! 

170.4 

.34  3.2 



15.210 

2.7ti 

172.2 

.70  4.5 

11 

(a)  Repre.sents  niindier  of  fdows  and  drops  (jf  luinniier  in  eentinieters  in  Batte  impart  inaeliine 
III  pnidure  failure. 

(til  in  cylinder  1 incli  in  diameter  and  W2  inches  high. 


All  the  rocks  tested  show  a toiifi'hiiess  of  over  5 with  a inaxiinum 
of  25.  The  coefficient  of  wear  is,  however,  rather  low,  for  the  most 
])art  under  5.  d’he  rocks  are  all  rated  as  limestones  excejit  that 
from  the  J.  iM.  Brenner  ((iiarry,  which  is  dolomite.  All  of  them 
show  crnshin>i'  strenotli  in  excess  of  the  Stati*  Highway  Deiiaidnimit 
ret|nirements.  The  absorption,  or  the  ability  to  absorb  moisture,  is 
low,  averaging'  less  than  0.50  pounds  jiei'  cnbic  foot.  This  low  absorp- 
tion, which  is  due  to  the  denseness  and  crystallinity  of  the  rocks,  in- 
creases their  dnrabilty  when  exposed  to  frost  action. 


Burned  Ijiiiie. 

The  production  of  burned  lime  in  the  Ijancastcn-  ipiadrangh'  is 
subordinate  to  that  of  crn.shed  stone.  Lime  is  burned  to  some 
extent  at  four  cpiarries  near  Lititz  and  iManheim,  which  are  described 
under  the  lieading  “Active  ((iiarries. ’ ’ The  ipiai'ries  supply  a local 
use.  Twenty  years  or  more  ago  farmers  bni'iied  lime  in  theii-  own  kilns, 
and  many  of  the  better-built  kilns  still  stand  like  masonry  towers  near 
the  old  quarries.  The  cheapness  and  conveiuence  of  jirepared  bagged 
lime  and  the  high  cost  of  fuel  and  labor  at  the  kilns  have  caused  the 
abandonment  of  most  of  the  local  lime  burning.  Lime  is  burned  on 
a large  scale  at  several  jilauts  in  the  vicinity  of  York,  25  to  30  miles 
west  of  Lancaster. 

Cement. 

The  Lancaster  area  has  been  prospected  for  limestone  suitable 
for  cement,  but  no  jilants  have  yet  been  located  in  this  cpiadrangh'. 
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The  limestone  that  is  nearest  in  eoniposition  to  a natural  cement  rock 
is  the  Conestoga  limestone,  hut  it  is  so  vai’iahle  in  })hysical  and  chemical 
composition  and  contains  so  much  i)yrite  that  it  is  of  doubtful  value 
for  this  pui'iiose.  CtuTain  beds  in  tlie  Beekmantown  limestone  are  pure 
enough  to  produce  a good  Portland  cement  rock  by  mixing  with  shale. 

It  is  obvious  that  a limestone  to  be  of  value  for  Portland  cement 
must  have  potential  advantages  of  location  and  physical  character  be- 
sides proper  chemical  composition,  important  as  that  is.  The  Lancaster 
area  is  well  located  with  resj)ect  to  mai’ket,  fuel,  and  transportation 
I'outes,  lieing  crossed  by  the  main  line  of  the  Pennsylvania  Kailroad 
from  Philadelphia  to  Pittsburgh  and  the  West.  The  feasibility  of 
establishing  a cement  i)lant  in  this  area  depends  largely  on  the  demand 
for  the  product  and  the  finding  of  a location  where  a large  supply  of 
raw  material  is  available.  A cement  ])lant  uses  each  year  a large 
quantity  of  limestone  and  shale,  and  anyone  intending  to  construct 
such  a plant  in  this  area  should  be  assured  of  the  quality  and  quantity 
of  limestone  available  by  thorough  drilling  and  analyses  of  samples. 

Active  Quarrie.s. 

There  are  many  limestone  (piarri(‘s,  active  and  inactive,  in  the  Lan- 
caster quadrangle,  and  their  distribution  is  shown  on  the  topographic 
map  that  accom])anies  this  volume.  The  older  quarries,  now  abandoned 
01’  oidy  occasionally  worked,  are  indicated  on  the  map  by  a prosjtect 
symbol.  They  were  used  for  ol)taining  building  stone,  crushed  stone, 
and  rock  for  burning  to  lime.  The  active  (piarries  are  indicated  on 
the  map  by  crossed  hammers  and  numbers,  and  their  products  and  the 
formation  in  which  they  occur  are  described  below  in  the  order  of  their 
numbers. 

Quarry  1 is  1 mile  west  of  Clay,  iji  the  valley  of  Beekmantown  lime- 
stone bordered  by  (h)calico  shale.  It  is  worked  by  Isaac  Stauffer.  The 
rock  is  dense  blue  lime.stone,  which  dijis  55°  XE.  and  furni.shes  good 
crushed  stone  for  road  material. 

Two  other  (piarries  ai'c  operated  in  the  same  valley.  C.  P.  Risser’s 
(piarry  (Xo.  2)  lies  a mile  south  of  the  Isaac  Stauffer  (piarry  and  north 
of  Ilammei'  Creek.  It  is  ojn'rated  by  An  Icrson  Shoemakei’  of  Lititz, 
and  is  equipped  with  a small  jaw  crusher,  sci-eens  and  bins,  and  scale. 
The  crushed  stone  is  marketed  by  wagon.  A mile  to  the  south  of  this 
quarry  is  that  of  John  Seibert  (X"o.  2),  which  is  worked  occasionally 
foi-  crushed  stone. 

Theodore  Forney,  of  Lititz.  operates  a ipiarry  (XT).  4)  just  north 
of  Lititz.  The  rock  is  Conococheague  limestone,  a dark-blue  hard  lime- 
stone Avith  a dip  of  15°  E.  (PI.  XIII,  A.)  The  quarry  is  at  present 
opened  along  the  .strike  Avith  a 75-foot  face  and  has  4 or  5 feet  of  clay 
OA’erburden  and  10  feet  of  rotten  rock  Avhich  mu.st  be  strijiped  off. 
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A.  West  end  of  Koi  iiey  (iiiarry,  iiortli  of  liitil/.,  sliowiiif*  at  left  overt  iinied 
reeuinbeiit  fold  in  ( ’onoeoelu-atiiie  liineston<‘. 


1$.  Quarry  of  Hainoth  Liine  H Stone  Co.  in  Cono<-oelieaf> ne  liinest<»ne  at 
Liineroek,  2 miles  west  of  Lititz. 
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Tlie  quarry  luoasures  200  feet  east  and  west  by  50  feet  north  and  south. 
The  rock  is  blasted  and  tlien  broken  out  by  hand.  A Marion  steam 
shovel,  tyjie  21,  is  used  to  load  the  tram  ears,  which  are  hauled  by 
cable  to  the  crushers.  Two  t.ypes  of  crushers  are  used — a Champion 
No.  5 and  a New  Holland.  The  crushers,  water  ])unip,  compressor,  and 
other  eqiiipment  are  operated  by  four  electric  motors.  There  is  also 
a blacksmith  shop,  two  pan-elevators,  and  elevated  bins  for  small  and 
large  sizes  with  a loading  tunnel  for  trucks.  The  quarry  employs  IH 
men  and  produces  crushed  stone  for  roads  and  concrete,  which  is  liauled 
by  trucks  to  State  roads  and  State-aid  roads. 

A mile  to  the  west  Albert  Sheid^  is  operating  a small  quarry  (No. 
5)  in  the  same  formation.  The  rock  is  broken  out  by  hand  and  crushed 
for  road  metal.  The  (piarry  was  o])ened  in  1925. 

Elmer  Ilershey,  of  Lititz,  now  operates  the  “Rome”  quarry  (No.  6) 
for  crushed  stone.  He  purchased  it  recently  of  the  widow  of  Aaron 
Long.  It  has  a 4()-foot  face  of  blue  sparkling  limestone  and  mottled 
marble  (Conococheague) , which  is  much  folded  but  has  a .south  dip. 
The  quarry  is  about  60  feet  square. 

At  Linierock,  2 ndles  west  of  Lititz,  there  is  a large  quarry  (No.  7) 
'^outh  of  the  Philadeli)hia  & Reading  Railroad.  It  was  formerly  worked 
by  the  Ramoth  Lime  & Stone  Co.,  of  Lebanon,  but  is  now  run  by 
d.  D.  Bucher.  (See  PI.  XIII,  B.)  The  quarry  is  equipped  with  two 
crushers  ami  a ])ulverizer.  It  produces  crushed  stone  in  five  sizes  and 
agricultural  ground  limestone.  Some  lime  is  burned.  The  equipment 
was  oi)erated  by  steam  until  1925,  when  an  electric  motor  was  installed 
which  uses  power  furnished  by  the  Edison  Electric  Co.,  of  Lancaster. 
The  quarry  is  200  feet  long  parallel  to  the  strike,  east  and  west,  and 
about  100  feet  acro.ss  the  .strike,  with  a 30-foot  operating  face.  The 
rock  is  hard  blue  to  gray  limestone  which  dips  20°  S.  The  blasted 
]-ock  is  loadetl  into  iron  tramcars,  which  are  drawn  by  cable  to  the 
crusher.  Another  tpiarry,  about  100  feet  square,  now  idle,  lies  to 
the  east  of  the  active  (juari-y. 

There  ai'e  no  analyses  available  for  the  Beekmantown  or  Conoco- 
cheague  limestone  in  the  area  of  quarries  1 to  7.  Quarries  8 to  12  are  in 
the  Beekmantown  limestone  in  the  vicinity  of  Manheim  and  Lancaster 
.1  unction,  north  and  south  of  the  syncline  of  Cocalico  shale  that  i)asses 
through  Sporting  Hill.  The  only  analyses  of  Beekmantown  limestone 
from  this  belt  re])resent  samples  from  the  area  south  of  S])orting  Hill 
and  are  given  in  the  table  on  page  80  (Nos.  1 to  12).  For  the  mo.st  part 
the  rock  is  high  in  calcium  and  low  in  magnesium  and  contains  a very 
noticeable  amount  of  silica. 

Just  north  of  the  Manheim  borough  line  is  the  Charles  Winters 
quarry  (No.  8),  near  the  contact  of  lime.stone  and  overlying  Cocalico 
shale.  It  has  been  operating  for  four  years  and  in  1925  supplied  the 
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cTuslied  stoiK'  for  the  State  road  l)uilt  from  ]\Ianheim  northward  to 
the  Lebanon  County  line.  The  (|narry  sn|)i)lies  a local  trade  for  crnsluMl 
stone  for  i-oads  and  concrete.  It  is  ef|niii])ed  with  two  crnshcrs,  which 
are  operated  by  a steam  tractor,  with  pan-elevator.s  and  bins.  The 
blasted  rock  is  bi’oken  by  haiul  and  hanled  iii  horse-drawn  caids  and 
Ford  trucks  to  the  crusher.  The  {piarry  is  50  feet  in  diameter  with  a 
•‘!t)-foot  face,  and  there  is  only  5 feet  of  soil  overburden. 

Half  a mile  southeast  of  the  Wintei'  (piari'y  is  one  operated  by 
William  Cantz  (No.  !)).  The  rock  is  well-bedded  blue  argillaceous  lime- 
•stone,  which  is  (]uarried  as  needed  and  bnrned  for  field  lime.  The 
(piaiuw  is  a larjic  shallow  f)penino'  mnch  of  which  is  tilled  with  wat<u‘. 
and  ojiei'ations  are  conduct(‘d  in  a small  |)art  of  it.  There  are  three 
stom*  kilns,  and  coal  is  used  for  fuel. 

Quarry  10  is  south  of  the  road  to  Sportiny  Hill,  west  of  duckies 
(T-eek.  It  is  owned  by  A.  F.  .Metz<:-er.  of  iManheim.  After  it  had  been 
idle  tor  several  months  in  1925.  a new  fac(“  was  j)re|)ai-ed  b.v  strijipiny 
10  to  20  feet  of  shale  from  the  north  end  of  the  (luari-y.  The  old  face  was 
60  feet  above  the  water  surface  in  a hole  filled  by  water  (PI.  XTV,  A). 
The  rock  is  a hard,  well-bedded  blue  limestone  and  dolomite  with 
argillaceous  ])ai'tings,  dipping  15°  SAV.  under  the  shale.  The  (piarry 
is  eipiipped  with  crusher  and  liins,  with  tram  and  cable  to  canw  the 
rock  to  the  crusher.  Electric  imwer  is  used.  Tin*  product  is  crushed 
stone  which  is  delivered  by  truck. 

1 he  J.  L.  Kauftman  (piarry  (No.  11)  lies  half  a mile  south  of  the 
Cocalico  shale  area  at  Sporting  Hill.  The  (piarry  has  three  stone  kilns, 
lint  lime  has  not  been  bnrned  recently.  A considerable  area  has  been 
stripped,  and  the  (piarry  face  is  about  20  feet  high,  e.xjiosing  a thick- 
ness of  100  feet  of  beds  that  di]i  80°  N.  The  up])er  .‘50  feet  consists  of 
blue  limestone  and  light-colored  dolomite,  containing  ga.strnpods  of 
upiier  Beekmantown  age.  Below  it  there  is  25  feet  of  white  and 
dove-colored  fine-grained  marble  overlying  45  feef  of  limestone  in 
whicli  banding  shows  on  weathering.  The  tine-grained  marlile  and 
blue  limestone  are  high  in  calcium  and  would  produce  high-grade  lime. 
This  quarry  has  a crusher,  pan-elevator,  and  bins,  and  a hydrating 
plant  may  be  installed. 

Another  (piarry  in  the  Beekmantown  at  which  lime  is  burned  is 
that  of  Thomas  A.  Erb  (No.  12).  Fv.  D.,  Lititz.  The  (piarry  lies  :5 
miles  ea.st  of  Lanca.ster  Junction.  The  beds  exiiosiul  are  black  crystal- 
line limestone  and  gray  dolomite;  the  limestone  is  burned  for  lime, 
and  the  dolomite  is  used  for  crushed  stone.  The  quarry  is  about  150 
feet  square  with  a OO-foot  face. 

In  the  summer  of  1925  Abraham  E.  Binkley,  of  Neffsville,  opened 
a quarry  (No.  1.5)  on  the  15nckwalter  farm,  1 mile  .soutlu'ast  of  Ivissid 
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PLATE  .\IV 


A.  Al('lzf>(‘i-  <|iiai-r>,  1 inilc'  soiitlnvcst  of  Alanheiiii,  sliowiii}*-  liori/.oiital 
bials  <»f  liiHosloiK'  and  dolomite  of  the  Heekiiiantown. 


I?.  Hainled  l)li!('  Ifmeslone  of  (lie  ('oiiesto«a  formation,  (‘vtensividy  used 
as  building  stone  in  Ijaneaster.  Retaining  wall  at  old  Pennsylvania  Rail- 
way Station. 
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The  (jiuin'V  is  in  the  upper  pcirt  of’  tiie  ( 'i>n(ie()rli"a,i;'ut‘  liui  stoiic 
and  is  15  feet  deep  and  100  feet  across,  and  faces  south.  The  top  I'oi-k 
is  even-o’rained  dove-coloi’cd  to  l)lue  limestone  di])i)ino'  50°  X.,  o\-erlyiim’ 
harder  limestone  of  similar  color.  I'his  (piai'ry  pi’odms's  ciaished  stone 
and  is  e(pu|)i)ed  \vith  a |)ortahh‘  engine,  crushei'  and  sei'eens.  and  Itins. 

Another  (jnarry  recently  t)i'on“ht  into  o|)ei‘ation  is  that  of  llinkley 
(K’  Oher  (XT).  14),  noi'tli  of  East  I’etersbni'g.  It  is  in  dai'k-hlne  dolomite 
of  the  Conoc()cliea«’ne,  nhich  fnridshes  excellent  I'oad  matei-ial.  I’owci- 
loi-  tlie  ci'usher  is  fui'iiished  hy  a steam  tractoi-,  and  the  pi-od)ict  is 
screened  into  t^vo  bins  and  shi])ped  by  truck. 

ITiere  ai'e  many  quarries  in  the  IteekmantoAvn  limestone  mail'  MonnI 
Joy  which  are  no  lono-er  operatin>>-.  One  of  the  active  qiiariaes  is 
that  of  J.  X.  Stauffer  it  I>i‘o.  (XT),  lo),  R.  1).  2.  Mount  Jo.a’,  on  Intth' 
('hiekies  ('reek  1 ndle  north  of  (Mount  Joy.  'flu'  (piari'y  is  cut  i)i1o 
Ihe  liill  100  feet  and  lias  a bO-foot  faciq  ],()()()  feet  lony,  facing  s.)nih. 
Jlorse-drawn  carts  haul  the  stone  to  two  ernshm-s  which  have  pan- 
elevators and  two  laro-e  elevated  bins  with  concrete  I'onndation  hnilt 
over  a loadino'  tunnel.  A third  crushei-  with  pan-idevators  and  bins  is 
useil  on  eniero-ency  when  the  ipiarry  is  working  to  capacity.  An 
analysis  of  the  Eeekmantown  limestone  is  given  as  Xo.  13,  jiage  SO. 

At  Centerville,  3 miles  southeast  of  (Mount  Joy,  tlK-n-  are  two  active 
fjuarries  (XT)s.  1(1  and  17)  in  the  Conococheagiie  limestom*.  AnaU'ses 
14  to  li  of  the  rock  near  these  ipuirries  show  con.sitlcrable  magnesium 
caihonate,  but  the  rock  of  anaixsis  13  is  a high-calcium  ca rbonat)-.  ^\ll 
of  them  contain  rather  a high  iiercentage  of  silica,  which  nntits  the 
rock  for  lime  burning. 

(Quarry  lb  is  operated  for  crushed  stone  by  X.  S.  Xewenmer  oi' 
Mount  Joy.  The  rock  is  bine  wa vy-bedded  limestone  and  dolomite, 
much  veined  by  white  calcite.  It  is  ipiarried  north  of  Chickies  Cr(M‘k- 
ami  hauled  south  acro.ss  the  ci-eek  one-sixteenth  of  a mile  to  the  crushei-. 
The  crusher  and  jilant  are  in  an  old  mill  i R|.  XV,  A)  formerly  a grist- 
mill, and  utilizes  water  power  from  Chickies  Creek  (I’late  X\T  Ri. 

The  plant  is  equiiiped  also  with  accessory  electric  motors,  which,  how- 
ever, are  rarely  needed.  It  has  an  elevator  and  brick  bins  fo,'  the 
crushed  .stone,  which  is  shipiied  by  truck  for  road  mab-rial  and  com-ri-te. 

The  second  ipiarry  near  Centerville  ( Xo.  17)  is  that  of  A.  (M. 
Eshlenian,  of  Landisville  It  is  half  a mile  ea.st  of  the  Xewcomer 
quarry,  oii  a tributary  of  Chickies  Creek,  and  has  heen  in  operation 
since  1922.  Ihe  rock  is  bine  dolomite  and  white  marbh*  -lipping  20° 
X.  It  is  (|uarried  into  the  hill  for  100  feet  along  the  .strike,  with  a 
20-foot  face.  Because  of  its  proximity  to  the  creek  considerahle  water 
seeps  in  and  prevents  quarrying  deeper.  There  is  about  3 fei-t  of  soil 
to  be  stripped,  which  will  increa.se  in  thickness  as  the  workings  arc 
extended  westward  into  the  hill.  The  .stone  is  blasteil  and  sled-uM  and 


74 


l.ANOASTEIi  QI'ADRANGLK 


PLATP]  XV 


A.  ('i-iishinn  plant  of  N«‘\v<'onu‘r  <|uaiTy,  (’oiitei-ville,  coiivi'rted  water-power 

“I'istinill. 


B.  Dam  on  ('hickies  (A-eok  at  < '«‘nterville,  from  which  pow»‘r  is  ohtaiix'd 

to  run  Newcomer  plant. 
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taken  by  tranicar  to  the  crusher.  There  are  two  pan-elevators  and 
elevated  bins.  The  niaeliinery  is  run  by  a portable  steam  tractor, 
and  the  crushed  stone  is  delivered  by  two  Mack  trucks. 

Another  small  quarry  (Xlo.  18)  in  Conococheagne  limestone  in  tlie 
same  vicinity  is  operated  by  1.  S.  Siegrist,  of  Columbia.  The  <piarry 
is  south  of  Farmdale,  in  dark-l)lne  argillaceous  dolomite,  and  was 
idle  in  1925. 

The  two  quarries  Nos.  19  to  20  opened  in  the  Ledo-er  dolomite  are 
idle.  The  Belleniont  quarry  (No.  19)  1 mile  north  of  Lancaster,  is 
owned  by  Aaron  B.  Hess,  of  IIarrishur<i',  and  was  operated  by  J.  C. 
Budding  before  1923  for  crushed  stone  and  lime.  The  quarry  is  800  liy 
400  feet  and  has  a 20-foot  face  above  the  water  that  fills  the  hole.  The 
rock  is  a white  and  blue  mottled  dolomite  and  has  been  analyzed  by  the 
Bethlehem  Steel  Co.  (See  No.  18  jiage  80).  It  is  a dolomite  with  a little 
silica  and  closely  resembles  in  composition  the  Ledger  dolomite  in  the 
area  near  Newtown,  as  is  shown  in  analysis  19. 

The  quarry  of  the  Dolomite  Products  Co.  (No.  20),  near  Shreiner 
■station,  is  in  the  same  formation — tyiiical  Ledger  dolomite.  The  com- 
]iany,  whose  address  is  Brenneman  Building,  North  Duke  Street, 
Lancaster,  formerly  ojierated  this  (piari-y  foi-  the  manufacture  of  mag- 
nesium lU'odiicts  and  e(|uii)ped  it  with  large  buildings  and  machineiw, 
which  are  now  abandoned  and  falling  into  decay.  A spur  of  the  Phila- 
deliihia  & Beading  Bailroad  runs  into  the  plant. 

Another  abandoned  (ptarry  in  the  Ledger  dolomite  is  3 miles  west 
of  Shreiner,  near  the  former  lead  and  zinc  mines  at  Bamford.  This 
(]narry  was  o])erated  by  the  J.  E.  Baker  Co.  for  high-magnesium  fluxing 
stone,  but  it  has  be(>n  abandoned  in  favor  of  this  company’s  large 
(piarry  at  Baiidn-idge,  Lancaster  County,  on  Sus(|uehanna  Bivei',  which 
jirodnces  better  fluxing  stone  at  a lowei’  cost. 

In  the  vicinity  of  Lancaster  there  ai-(‘  eight  active  ipiarries  in  the 
Conestoga  limestone,  as  well  as  many  smaller  openings  which  are 
occasionally  worked.  Noi'theast  of  Lancaster  and  east  of  Bossmer(*, 
Clarence  D.  Stoner,  of  Columbia,  operates  a ([uarry  (No.  21)  for 
crushed  stom*.  -I.  C.  Budding,  of  Lancaster,  is  the  agent  foi'  handling 
the  stone.  The  (juarry  is  200  feet  long  and  has  a 20-foot  face  of  thick- 
b(‘dded  ribbed  limestone  overlain  by  5 to  10  feet  of  argillaceous  softer 
rock.  It  is  cut  northwest  into  the  hill,  diagonal  to  gently  dipi)ijig 
beds  in  an  anticline.  (See  1*1.  XVI,  A.)  Jlorse-drawn  carts  take  the 
stone  from  the  quarry  to  the  crushei-s,  which  are  of  the  (’ham]non  type, 
three  No.  4 and  one  No.  6.  All  sizes  of  crushed  stone  are  made, 
from  dust  to  li4-inch.  There  are  large  elevated  bins  with  a drive- 
way under  them,  south  of  the  quarry.  (See  PI.  XVl,  B.)  The  product 
is  used  in  Lancastei-  for  the  most  part  and  is  delivered  by  truck  and 
by  the  C’onestoga  Traction  Co.,  whose  line  lums  just  north  of  the  (piarry. 


LANCASTER  L>rAl MtANTiLE 


7(i 


PLATE  XVI 


A.  Working  faro  of  Stoner  (|uarrv  1 mile  nortliea.st  of  Laneaster,  in  thiek- 
Ix'dded  laininat(‘d  Conestoga  limestone. 


B.  Crusliing  plant  at  Stoner  quarry. 


Li.Mi:sT(  »:k 


Tlu'  Conestofi'a  Traction  Co.  o|)ci'ates  at  intervals  an  old  ({uain-y  (Xo. 
2*2)  north  of  tlie  C.  I).  Stoner  (|uarry.  It  is  in  ribbtal  and  banded 
C'onestoga  limestone  and  is  used  for  eru.slied  stone.  This  quari-y  fur- 
nished file  blocks  for  the  piers  of  the  Pennsylvania  Railroad  bridge 
over  Conestoga  Creek  just  south  of  the  Lancaster  water-\vorks.  'fliese 
blocks  are  5 by  2 by  1 feet  and  are  built  into  a four-arch  .stom*  bridge 
(PI.  XXIII,  A.)  Blocks  of  this  ril)hed  stone  were  used  l)y  the  railroad 
in  retaining  walls  at  the  Penn.sylvania  Kaili-oad  station  at  Lancaster  and 
in  bridges  and  culvei'ts  in  and  ai-ound  th(>  city.  Churches  and  other 
huilding's  have  also  been  built  of  this  strikingly  marked  stone.  (See  PI. 
XIV,  B.) 

The  J.  P>.  lleidig  (piarry  (Xo.  2d)  is  just  east  of  the  city  limits 
of  Lancaster.  It  is  l.dOO  feet  long  and  irregadar  in  width,  d'lie  rode 
is  thin-bedded  slaty  limestone  (see  PI.  XVI 1,  A),  much  folded  and 
variable  in  charactei',  and  only  selected  jiortions  of  the  quai’ry  face 
are  worked.  Although  the  (]uarry  covei-s  a wich*  ai-ea  its  depth  is  not 
more  than  20  feet.  It  is  e(piippetl  with  a gyi'atory  crushei-,  pan-eh‘vator, 
screens,  and  bins,  which  ai'e  near  the  center  of  the  ipiarry.  ( S(‘e  PL 
XVII,  B.)  They  are  operated  by  electricity,  and  the  rock  fi-om  the 
quarry  is  delivered  to  the  crusher  by  hoi-se-drawu  cai'ts.  A Byers  Bear 
Cat  shovel  operated  by  electricity  is  used  to  remove  ovei'burden  ami  load 
!he  carts.  The  product  is  crushed  stone,  and  a plant  has  been  installed 
at  the  cpiarry  to  use  the  powdei-ed  stone  in  making  hollow  concret(* 
blocks  for  building.  Considerable'  new  maehiuery  was  added  in  1920. 

The  Conestoga  Traction  Co.  owns  a ((uain-y  (Xo.  24)  along  its  line 
to  Rocky  Springs  Pai-k  in  an  oxbow  of  Cemestoga  Creek  southeast  of 
Lancaster.  There  are  two  o|)enings,  the  southern  ojie  in  blue  crystalline 
limestone  in  beds  3 to  <>  feet  thick  and  the  northern  om*  in  har'l  siliceous 
thick-bedded  dolomite.  A crusher,  j)an-elevator,  scre<‘ns,  and  bins  are 
located  at  the  northern  (piarry.  The  southern  (juarry  has  a faci'  30 
feet  high  and  30  feet  wide  and  is  cut  into  the  hill  about  40  feet.  It 
is  worked  by  hand,  and  the  large  blocks  taken  out  an*  loaded  ou  tram- 
cars  and  hauled  uji  an  incline  to  the  crusher. 

Two  active  (ptarries  ( Xo.  2.'))  on  the  east  side  of  the  Rocky  Springs 
oxbow,  west  of  an  old  mill  dam  on  ])roperty  owned  by  (Martha  Davis, 
are  called  the  (Tty  Mill  (ptarries.  The  smaller  (juariw,  which  lies  to 
the  north,  has  been  ojx'rated  by  d.  I).  Kendig  for  building  stout',  and 
the  southern  (piarry  has  been  worked  for  crushed  stone.  The  J.  W. 
Brenner  Co.,  R.  D.  6,  Lancaster,  is  operating  these  (ptarries  and  has 
installed  a crusher,  pan-elevator,  screens,  and  liins  at  the  northern 
(piarry.  Rock  is  hauled  from  the  southern  (piarry  to  the  crusher  in 
three  Ford  trucks.  The  crusher  is  a Chaniiiion  jaw  ertisher,  Xo.  4’ a, 
ami  the  entire  eiiuijmient  is  run  by  electric  motors  installed  in  1925. 
Tbe  southern  (juarry  is  1,()()()  feet  long  from  north  to  south  and  is 
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PLATE  XVII 


A.  FoRR'd  tliiii-b<‘<l<R‘rt  arsiRaceoiis  libbed  Conestoga  limestone  at  Heidig 
quarry,  1 mile  northeast  of  Laneaster. 


IL  Crushing  jilant  at  Heidig  quarry 
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out  50  to  75  feet  westward  into  tlie  hill,  witli  a 40-foot  fare.  The  i-uok 
is  siliceous  limestone  in  beds  8 to  G feet  thick,  infolded  witli  slaty  lime- 
stone, and  is  quarried  for  crushed  stone. 

The  quarry  of  Denlinger  & Johnson  (Xo.  1>G),  G1  North  Duke  Street, 
Lancaster,  lies  Avest  of  Conestoga  Creek  and  southwest  of  (|uai-i'y  22. 
.just  within  the  Lancaster  city  limits.  It  is  200  feet  long  and  has  a 
face  25  feet  hig'h  on  the  west  side,  ft  is  in  closely  folded  thin  slaty 
limestone.  Horse-drawn  carts  haul  the  stone  to  the  crusher,  a Cham- 
pion No.  4.  The  quarry  is  equii)i)ed  also  Avith  pan-elevator  and  three 
screens  and  bins,  operated  by  steam.  The  product  is  made  into  foui' 
sizes  and  is  used  for  road  material  and  concrete. 

Quarry  27  is  on  Conestoga  Creek  at  Engleside,  2 miles  soutliAvest  of 
quarry  26,  and  is  operated  by  Hrookmeyei'  & (ioshkey  foi-  crushed 
stone.  It  is  in  folded  Conestoga  limestone  of  blue  ribbed  type  Avith 
calcite  veins  and  well  jointed.  Electric  motors  run  the  pan-elevator  and 
crushers,  one  of  Avhich  is  a No.  2 Cdiampiou  and  the  othei-  a No.  4i/> 
Hood  Loads.  The  oversized  stone  is  returned  by  ])ipe  to  the  No.  4% 
crusher  for  recrushing.  Trucks  haul  the  stone  from  the  (piarry  to  the 
crusher,  and  other  trucks  deliver  the  crushed  stone  to  the  customer. 

Tavo  miles  to  the  Avest,  on  another  curve  of  Conestoga  Creek  is  (piarry 
28,  operated  by  11.  K.  Hiller.  K.  D.  2,  Lancaster.  The  .piar’ry  face  is 
30  feet  high  and  15  feet  across,  and  rock  is  hauhal  by  traniears  to 
the  cru.sher.  An  oil-burning  engine  su|)plies  power  fur  the  crushers 
and  iian-elevators.  Oversized  material  is  returned  from  the  tirst  to  the 
second  crusher.  The  product  is  used  for  road  material  and  concrete. 
The  rock  is  heavily  bedded  blue  crystalline  limestone  of  the  Conestoga 
limestone. 

^ The  West  End  quarry  (No.  29)  is  on  the  east  side  of  lutth'  Co.usstoga 
t’reek  south  of  the  Lincoln  IligliAvay  and  has  been  ojierated  by  Clarence 
D.  Stoner  for  a number  of  years.  The  rock  is  thin-lH*dded,  closely 
folded  slaty  blue  limestone  veined  Avith  Avhite  calcite  and  is  taken  out 
of  the  main  oiiening,  which  e.xtends  200  f(^et  eastward  into  the  hill,  in 
an  oval  300  feet  acro.ss  the  strike.  Quarrying  has  not  cut  down  below 
the  creek  level,  and  horse-drawn  carts  haul  the  quarried  rock  to  the 
crushing  plant  on  the  west  side  of  the  creek.  There  are  thi-ee  Simpson 
disk  crushers  Avith  pan-elcA'ators  and  bins,  operated  electrically.  The 
cru.shed  stone  is  shipped  by  truck.  J.  (\  Dudding,  of  Lancaster,  is 
agent  for  the  stone. 

Another  quarry  (No.  30)  operated  by  Clarence  1).  Stoner  is  south 
of  the  Lincoln  Highway  east  of  Columbia.  It  is  about  500  feet  in 
diameter.  Since  1919  the  quarry  has  been  cut  down  to  a depth  of  50 
feet.  The  rock  is  blue  crystalline  limestone  or  dolomite,  massive  and 
horizontal  on  the  north  side,  Avhere  it  is  cliiehy  quarried.  The  north- 
east end  contains  folded  slaty  limestone  with  limestone  breccia  above 
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tlu‘  slaty  beds.  Tlie  plant  is  opei-ated  for  ernshed  stone,  and  nses 
electric  power. 

Tlie  three  old  Strickler  (jiiarries  are  along’  the  north  side  of  Strickler 
Hun,  about  a mile  south  of  C.  D.  Stoner’s  (piarry.  The  quarries  are 
in  Conestoga  limestone,  and  the  analyses  given  below  shoAv  the  vari- 
ability in  its  coni])osition. 

Charles  S.  Bender,  of  iMillersville,  operates  a (piarry  (Xo.  31)  on 
Little  Conestoga  Creek  1 mile  west  of  Millersville,  near  Frantz  Mill. 
The  rock  is  blue  crystalline  limestone  of  the  Conestoga.  It  is  closely 
folded,  thin  bedded,  with  thin  graphitic  slaty  partings,  and  infolded 
with  thick-bedded  siliceous  crv.stalline  limestone.  Tlie  quarry  face 
is  30  feet  high  ami  100  feet  long  on  the  strike  and  is  in  a hill 


Aiidlyses  of  Ijiiiientoiie  from  JjaiicoKter  Quoth  atiuJe. 


Formation 

.Alap 

No. 

Nearest 

town 

SiOi 

AIjO:' 

and 

Fe2(l3 

CaA'.ej 

MgCo.[ 

H20 

1 

Beekmantown 

Near  9,  10,  11 

Manheim 

2.38 

4.51 

52 . 28 

39.35 

0.48 

2 

do 

do 

do 

3.42 

2.88 

.54.23 

39.(15 

.42 

3 

do 

do 

do 

7.12 

1.51 

74.42 

16.  ()7 

.28 

4 

do 

do 

do 

1.4.7 

.54 

86.50 

11.15 

.36 

5 

do 

do 

do 

l.«2 

.20 

03.34 

4.:!9 

.36 

6 

do 

do 

do 

r).()0 

.44 

89,17 

4.51 

.2S 

7 

do 

rio 

do 

4.52 

.64 

88.77 

0 . 

.32 

9 

do 

do 

do 

4.08 

.58 

00.64 

4.14 

.56 

10 

do 

do 

do 

2.28 

.40 

9:;.  24 

3.. 56 

. 52 

11 

do 

do 

do 

0.25 

.44 

87.75 

5.16 

.20 

12 

do 

do 

do 

13.  Of) 

3 . 36 

.57.43 

24 . 73 

.52 

12 

do 

Near  17 

Mount  .loy 

2.. 74 

.81 

90.69 

5 . 45 



14 

If) 

ConooochonKiB- 

do 

Near  l(i,  17 
do 

Centerville 

do 

7.01 

S.47 

5.82 

2.81 

78.  16 
63.54 

24.87 

11) 

do 

do 

<lo 

1 .03 

1.24 

54.84 

42.82 



17 

do 

do 

do 

3.52 

1.85 

53.54 

41.08 

llS 

Ledger 

Near  19 

l.aneaster 

1.40 

.76 

.55.01 

42 . 85 

IB 

do 

Nc'wtowii 

. 33 

.68 

.55,03 

44.05 



20 

Conestoga 

Near  29 

CoIuiTihia 

.40 

2.24 

.56.81 

40.23 

.32 

21 

do 

do 

do 

32 

2.18 

.53.29 

43.77 

.144 

22 

do 

do 

do 

.OS 

.64 

53.28 

45.28 

.72 

23 

do 

do 

do 

.2*1 

2.14 

53.17 

44  04 

.30 

24 

do 

do 

do 

.72 

2.04 

53.10 

43.73 

.32 

2.) 

do 

<lo 

do 

.78 

1.14 

68.22 

29.08 

.4n 

2tj 

do 

tio 

do 

.32 

. •)3 

.M).24 

12.71 

.20 

27 

do 

do 

do 

.24 

.31 

88.67 

10., 53 

2s 

do 

do 

do 

.12 

.40 

83.46 

15.70 

32 

2!1 

do 

do 

do 

.12 

.20 

90.8 

8.55 

.24 

;:o 

do 

do 

do 

1.61 

.84 

92.53 

4.66 

.36 

::i 

do 

do 

do 

1.38 

1.18 

90.81 

6.15 

.148 

M2.  Beckmaiitowii  liiiic.ctone,  alioiit  to  1%  miles  south  of  Manlieim,  along  tlie 

tracks  of  the  Philaileliihia  A:  Kcacling  Uailroad  near  county  bridge.  .Analyst,  .1.  15.  Britton, 
Pcnn.sylvania  Second  (Icol.  Survey,  Rent.  CCC,  [i.  272.  ISSO. 

n.  Beekmantown  limestone,  1 mile  south  of  .1.  N.  StaufTer  Bros,  (juarry  on  Little  Chickles 
Creek,  east  of  Mount  .loy,  Analy.“t,  Bethlehem  Steel  Co.,  Miller.  H.  I...  Lime.stones  of 
Benusylvania : Pennsyhania  Top.  and  (leol.  Survey,  Bull.  M-7,  p.  90,  192.1). 

14-19.  Conoeheague  limestone,  2M.  miles  east  of  Mount  .Toy  an<l  one-fourth  mile  south  of 
Centerville,  near  quarries  of  N.  S.  Newcomer  and  .A.  M.  Esehelman.  .Analyst,  Bethlehem 
Steel  Co.,  Idem,  p.  90. 

10-17.  Conoeoeheague  limestone,  on  farms  of  Henry  and  Chris  Musser,  Va  to  % miles 
south  of  Centerville.  Idem,  p.  90. 

18.  Ledger  dolomite,  Belleniont  (piarry,  west  of  Lititz  road,  north  of  Lancaster.  Analyst. 
Bethlehem  Steel  Co.  Idem,  p.  S'l. 

19.  Ledger  dolomite,  half  a mile  southwest  of  Newtown,  on  Chiekies  Creek.  .Analyst. 
Bethlehem  Steel  Co.  Idem,  p.  90. 

20-29.  Conestoga  limestone,  Strickler  quarry,  1 mile  southeast  of  Columbia,  half  a mile 
east  of  the  intersection  of  Strickler  Run  with  the  Lancaster  & Columbia  Railroad  and  three- 
quarters  of  a mile  south  of  Clarence  1).  Stoner's  (piarry.  .Analyst,  .1.  B.  Britton.  Penn- 
sylvania Second  Gcol.  Survey,  Rept . CCC,  p.  27:1,  1880, 

:50-31.  Conestoga  limestone.  :100  yards  northeast  of  Strickler  quarry.  .Analyst,  ,1.  B.  Britton. 
Tilom  *274. 
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on  tlie  west  side  of  Little  Conestojia  ('r«*ek.  It  lies  t'ast  of  an  older 
(|narry  o])erated  for  four  or  five  years  by  Mr.  Render  bet  ore  he 
opened  the  present  (piarry.  Tin*  old  (piarry  supplied  crushed  stoiu* 
for  the  Millersville-Lancaster  road.  The  ])reseut  (piaiuy  produces 
crushed  stone  in  four  grades.  The  lu’oduct  is  sorted  and  the  graphitic 
shaly  material  is  eliminated  by  hand  after  crushing  and  screening. 
The  equipment  consist  of  a Xo.  4 Champion  crusher,  j)an-elevator,  and 
fins.  A Fordsoii  ti-actor  su|)plies  power  foi‘  running  the  Schramm 
air  com])ressor  and  rock  drill.  The  pi-odtict  is  shi])|)ed  by  truck  for 
highway  work. 


Uses.  Sand  Ls  composed  largely  of  (piartz  grains,  with  other  minerals 
in  varying  amounts.  The  impurities  may  be  clay,  lime,  or  iron.  Sand 
is  classed  as  coai-sc,  medium,  or  fine  and  occurs  as  loose  sand  which  can 
be  dug  and  screened  oi-  as  sandstone  or  quartzute  whitdi  has  to  be 
crushed  before  screening. 

The  uses  of  sand  are  varied.  The  mo.st  extensive  uses  are  in  mortar, 
plaster,  and  concrete,  in  foundries,  in  filtration  i)lants,  and  in  the 
manufacture  of  glass,  of  which  it  is  the  ma.jor  constituent.  It  is  used 
also  for  grinding,  in  stone-cutting,  and  for  traction  sand  and  chicken 
grit. 

Ruilding  sand  used  in  concrete,  in  mortar,  in  making  limebidck,  ami 
for  facing  concrete  blocks  should  be  comiiosed  of  quartz  with  but  little 
cla,v. 

Foundrv  sand  includes  molding,  core,  and  ste(*l  sands.  The  chief 
I'equisites  of  sand  for  such  pui'poses  are  cohesiveness,  refractoriness. 
l)ermeabilit,v,  and  durabilit.v.  A sand  with  .some  binder  is  needed  to  hold 
together  the  mold  when  the  ])attei‘n  is  removed  ; hence  a molding  sand 
should  contain  some  cla.v.  Iron-mohling  sands  have  natural  bond.  Steel 
sand,  howevei-,  which  is  sub.iected  to  a high  degree  of  heat,  must  con- 
tain nioi-e  than  97  per  cent  of  silica  so  that  it  will  not  fuse  or  melt 
when  the  molten  metal  comes  into  contact  with  it.  Such  a high  silica 
sand  has  no  natural  bond  and  bonding  material  must  be  added  to  it. 
A sand  contaiiung  75  to  85  per  cent  of  silica  can  be  usetl  as  molding 
sand  for  iron  work,  where  a lower  temperatui'e  than  in  steelmaking  is 
used.  Sand  used  for  filter  betls  must  be  clean  silica  in  sorted  sizes,  free 
from  cla.v,  loam,  or  lime.  For  glass  making  a fine  white  sand  conq)osed 
(if  angular  grains  of  uniform  size  and  free  fi-om  iron  is  the  b(‘st  grade. 
The  value  of  any  sand  deposit  is  measured  not  onl.v  b.v  the  cpialit.v  of 
the  sand  but  also  by  the  cpiantity  available  and  the  cost  at  which  it 
can  be  (piarried  or  dug  and  marketed. 
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Active  Quarries. 

The  sand  (luarries  in  operation  in  the  Lancaster  quadrangle  are 
sliown  by  numbers  on  tlie  topographic  map  and  described  below.  The 
Cliickies  ijuartzite  yields  an  excellent  building  sand  and  is  quarried 
for  this  purpose  at  several  places  on  Chestnut  Hill.  Certain 
beds  of  tlie  formation  disintegrate  readily  and  can  be  used  without 
crushing.  The  hartler  masses  are  crushed.  The  product  is  a fine  white 
sand  with  little  iron  or  clay.  The  quartzite  beds  from  which  mo.st  of 
the  sand  is  derived  are  in  the  upper  part  of  the  Chickies  formation. 
The  outcrop  on  the  steep  hillside  makes  quarry  development  easy,  and 
there  is  no  trouble  with  water.  There  are  several  of  these  sand  pits 
in  operation  north  of  Hountville. 

Burnhright  quarry.  The  westernmost  quarry  (No.  32)  is  operated 
by  W.  E.  & P.  G.  Buridiright  in  white  crumbly  (quartzite  somewhat 
stained  with  iron.  A cut  20  feet  high  has  been  made  in  the  southward- 
di])ping  beds  on  the  upper  south  slope  of  the  hill.  When  crushed  it  is 
a fine  white  even-grained  sand  containing  a little  mica  or  magnetite. 
The  sand  is  shipped  by  truck  to  nearby  places  for  building  purposes. 

Oyster  Point  Sand  Company.  Quarry  33,  the  large.st  sand  quarry 
in  the  area,  is  at  Oyster  Point,  at  the  northeast  end  of  Chestnut  Hill 
south  of  the  iMarietta  road,  2 miles  we.st  of  Rohrerstown.  It  is  oper- 
ated by  the  Oyster  Point  Sand  Co.  ( H.  1).  Bowers  & Sons).  (See  PI. 
XVII  I,  A.)  The  rock  worked  is  a hard  fine  white  quartzite  composed 
of  somewhat  angular  fine  ijuartz  grains,  cemented  by  quartz.  There 
are  also  in  the  ((uarry  layers  of  sericitic  quartzite  and  a 1-foot  bed  of 
coarser-grained  pebbly  (juartzite.  The  beds  strike  N.  30°  E.  and  show 
anticlinal  structure  in  the  (piarry.  The  overburden,  wdiich  is  only  3 
feet  thick,  is  comjiosed  of  loose  clayey  sand  wdth  (luartzite  fragments, 
and  this  sand  can  be  used  for  mortar  in  laying  bricks.  The  quarry  is 
equipped  with  a Bay  City  shovel  No.  52,  electrically  operated.  There 
is  a tram  incline  to  the  New  Holland  .iaAV  crusher,  and  dry  pan  to 
crush  the  sand  before  it  passes  over  the  screens.  Two  grades  of  sand 
are  produced,  and  there  are  ample  storage  bins  (PL  XVIII,  B). 

The  sand  is  delivered  by  truck  for  use  in  concrete,  for  general  build- 
ing ])ur]Aoses,  and  for  puddling  in  steel  mills. 

Herr  quarry.  The  Herr  quarry  (No.  34)  lies  on  the  south  slope  of 
Chestnut  Hill  between  the  Burnbright  and  Oyster  Point  quarries.  It 
is  owned  by  John  VI.  Herr  and  operated  by  his  son,  Aaron  Herr,  under 
the  name  IMountville  Sand  Co.  The  pit  is  east  of  an  older  one  which 
had  been  worked  for  15  years  prior  to  the  present  working.  The  rock 
is  a fine  Avhite  quartzite.  Avith  some  interbedded  slickened  ferruginous 
slate  beds.  The  quartzite  is  considerably  disintegrated  but  requires 


PLATE  XVIII 


A.  Oyster  Point  sand  quarry  in  eriiinl)ly  thin-bedded  Chiekies  quartzite. 

2 miles  west  of  Rolirerstovvn. 


B.  Stoek  pile  and  loading  machine  at  tlie  Oyster  Point  <iuarry. 
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blasting'.  It  is  cnislied  in  a New  Holland  ernsher  and  in  rolls,  and  is 
shii)[)ed  by  trnek  for  use  in  building. 

Other  saint  pits.  A mile  ea.st  of  Kinderhook  there  is  an  old  quarry 
(No.  3b)  owned  by  Earl  Greider,  of  Ohio,  that  was  operated  for  sand 
for  several  years  by  Detweiler,  Emig  & Collins,  of  York.  The  quarry 
was  o])ened  along  the  strike  of  the  (piartzite  for  200  feet  and  is  about 
50  feet  across  the  strike.  The  dip  is  30°  S.  (See  PI.  lY,  A.)  A section 
of  the  rock  ex])osed  is  given  on  jiage  17. 

In  the  southeastern  i)art  of  Lancaster,  1 mile  from  the  Factory 
Bridge,  sevei-al  deep  juts  (No.  36)  were  formerly  o]ierated  by  i\Ir.  Jacob 
Betz  for  building  sand.  The  pits  are  more  than  50  feet  deep  and  are  on 
both  sides  of  the  main  road,  following  the  strike  of  the  beds  nearly 
east-west.  The  rocks  di])  45°  S.,  and  the  quarry  exposes  about  100 
feet  of  thick-bedded,  veiw  sandy  granular  light-gray  limestone  of  the 
Conestoga  formation,  which  weathers  to  a crumbly  buff  sandstone, 
easily  crushed  into  sand  grains.  The  ea.stern  ])it  has  been  worked 
down  into  tirm  (piartzitic  limestone  and  has  been  abandoned.  A small 
amount  of  sand  is  still  being  dug  in  the  western  pit. 

William  II.  Hull  has  opened  a small  ])it  (No.  37)  on  the  Lebanon- 
IManheim  road  just  north  of  the  Lancaster  County  line.  It  is  in  coarse 
sandstone  of  the  New  Oxford  formation  which  has  been  baked  and 
hardened  by  the  intrusion  of  Triassic  diabase.  The  material  is  used 
for  making  a hand  cleaner  and  for  valve  grinding,  building  sand,  and 
chicken  grits.  Anothei'  product,  largely  of  residual  clay,  is  ])repared 
as  a beauty  clay. 

OLAY. 

I'ses.  Clay  is  the  residuum  of  decomposition  of  certain  rocks  and  is 
compo.sed  of  kaolinite  with  quartz  and  iron  compounds  as  impurities. 
Kaolinite  or  kaolin  is  the  chief  product  of  the  decay  of  feldspar,  hence 
also  of  the  weathering  of  pegmatite.  Clay  is  residual  from  feldsi)athic 
sandstone,  shale,  and  limestone,  as  well  as  of  igneous  rocks  such  as 
granite  and  gabbro.  Kaolin  is  used  largely  in  the  manufacture  of 
])ottery,  china,  and  paper;  other  clay  is  used  in  the  manufacture  of 
brick,  tile,  and  refractory  products,  and  also  in  the  manufacture  of 
linoleum,  rubber,  cement,  chemicals,  and  artificial  abrasives. 

The  clays  of  the  Lancaster  area  are  residual  clays  and  are  used  for 
making  brick.  The.se  clays  are  derived  chiefly  from  two  formations, 
calcareous  beds  in  the  Antietam  (piartzite  and  highly  argillaceous  beds 
in  the  Conestoga  limestone.  The  active  clay  pits  are  shown  on  the  map 
and  described  below. 

Mountville  Brick  Co. 


The  (Mountville  Brick  Clay  Co.  owned  by  J.  C.  Budding  Co., 


CLAY 


14:2  North  Qneeii  Street,  Laneaster.  lias  its  plant  (No.  -58)  in 
Mountville,  south  of  the  (’olnnihia  hraneh  of  the  Pennsylvania  Kail- 
road.  The  c'lay  is  derived  from  disintefirated  (piartzite  and  phyllite 
of  the  Antietain  formation  and  is  partly  residnnm  in  plaee  and  partly 
wash.  The  quarry  (PI.  XIX,  A)  is  a cut  1500  feet  Ion"  in  the  upper 
ferruginous  beds  of  the  Antietam,  near  its  contact  with  the  overlying 
Vintage  dolomite  on  the  north  side  of  the  iMountville  anticlinal  hill. 
The  quarry  is  cut  into  the  hill  as  much  as  500  feet  in  the  center,  where 
hard  rock  was  encountered. 

The  pre.sent  ojierations  are  at  the  west  end  of  the  cut,  which  has 
a face  about  50  feet  high.  The  beds  in  the  ipiarry  face  strike  X.  40° 
E.  and  diji  5°  X\V.,  and  the  schistosity  trends  south.  From  the 
upper  level  is  dug  gray  clay  mixed  with  much  surface  wash,  which 
is  used  for  making  ordinary  red  bi'ick.  From  the  lower  level  a highly 
ferruginous  clay  is  obtained,  which  is  derived  from  the  fossiliferous 
ferruginous  layer  near  the  top  of  the  Antietam.  From  this  clay  is 
liroduced  rich  maroon  and  chocolate-colored  brick  which  is  in  great 
demand  for  tine  homes.  The  clay  is  dug  by  an  electric  shovel  and  is 
carried  in  horse-drawn  carts  to  the  ])lant,  where  it  is  ground  and 
pulverized.  From  tin*  cutting  house  the  bricks  jiass  automatically  to 
eight  drying  houses,  where  they  are  heated  from  below  by  coal  fur- 
naces. After  drying  the  bricks  are  burned  in  circular  down-draft  kilns, 
of  which  there  are  seven  (PI.  XIX,  P)),  in  operation  at  this  plant. 
The  kilns  have  eight  tiring  holes  ami  an  outside  chimney  for  the 
draft.  The  ca|)acity  of  each  is  /2, ()()()  bidcks.  They  art*  biii'in*:!  foi* 
six  to  eight  days,  according  to  the  kind  of  bricks  made.  A new  down- 
draft  kiln  was  built  in  ]!)26,  which  is  elongated  domeshaped  instead 
of  round.  This  kiln  is  etjuijtped  with  seven  ci-oss  arches  with  two  tii*- 
ing  holes  to  an  arch,  with  chimneys  on  the  sides.  The  bricks  pi-oduct**! 
range  in  color  from  dark  chocolate-brown  to  maroon  and  hi*ight  i‘ed. 
Atlantic  brick  oil  is  used  in  making  smooth-faced  bi'ick,  but  rough 
brick  made  b,v  the  wire  cutting  jirocess  is  the  chief  jn-oduct.  This 
brick,  especially  in  the  darkei'  shades  of  red,  is  very  ])opular  for 
houses  in  the  vicinity  of  iMonntville,  Lancaster,  York,  and  Harrisburg 
and  is  shipped  to  many  distant  iioints. 

liiinoasti*!*  Bi'ick  (V), 

The  Lancaster  Brick  Co’s,  plant  (Xo.  3!))  is  .south  of  tin* 
Columbia  branch  of  the  Pennsylvania  Railroad,  three-ijuarters  of 
a mile  we.st  of  the  junction  with  the  main  line  to  Harrisburg.  It 
lies  ju.st  south  of  the  Harrisburg  road  2 miles  northwest  of  Lancaster. 
The  plant  was  ojiened  in  1920.  The  clay  used  is  yellow-brown,  is 
tairly  uniform  in  character,  and  is  derived  from  the  disintegration 
of  argillaceous  Conestoga  limestone.  Tin*  larger  clay  ])it  is  in  a side 
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PLATE  XIX 


A.  Clay  pit  of  Mountville  Brick  (’<).,  Mount villc.  On  tlic  north  flank  of 
an  anticline  of  disintegrat'd  Antietain  (jiiartzite. 


B.  Down  <lraft  circular  kilns  and  plant  of  MonntviHe  Brick  Company. 


CLAY 


87 


valley  of  Little  Conestoga  Creek;  the  top  day  soil  has  been  stripped 
from  several  acres  to  a dei)th  of  4 or  5 feet.  A smaller  pit  west  of 
the  ]dant  yields  a retlder  elay  whieh  is  mixed  with  the  yellow.  The 
day  is  dug  with  a large  eleetrie  shovel  and  a .smaller  Bay  City  dredge. 
The  day  is  hanled  by  tramears,  o])erated  by  a gasoline  engine,  to  an 
incline  np  which  the  cars  are  drawn  l)y  cable  to  the  grinding  house. 
The  grinding  house  (PI.  XX,  A)  is  eciuipped  with  Chandler  l^ros, 
conical  rolls,  one  of  which  is  corrugated.  These  rolls  crush  the  day  to 
tine  particles,  and  after  screening  it  is  carried  up  a dOO-foot  incline  by 
a rubber  conveyor  belt  to  the  molding  room  or  discharged  in  an  open- 
air  shed,  where  the  excess  day  is  stored.  In  molding  the  day  is  mixed 
with  water  in  a jing  mill,  which  thoroughly  churns  it  before  it  jmsses 
into  the  4d-inch  special  Arnold  Creager  brickmaking  machine  made  by 
the  Lancaster  Iron  AYorks.  The  bricks  are  dried  by  steam  for  12  hours 
in  the  two  drying  houses,  which  are  long  sheds  with  metal  racks  under 
which  there  are  steam  pipes  with  exhaust  fans  at  the  top  i PI.  XX, 
Their  capacity  is  60, ()()()  bricks  a day.  The  five  kilns  are  of  the  up- 
draft tyi)e  and  have  12  arches  each.  The  bricks  are  ])iled  checker- 
board style  on  the  door  with  gratings  between  for  the  ui)draft.  These 
drafts  are  connected  with  the  tiring  holes  at  each  side.  After  the 
kiln  is  filled  the  ojieiung  is  walled  up  and  covered  with  clay  before 
the  bricks  are  burned.  Soft  coal  is  used,  and  the  hricks  are  buimed 
three  days  and  three  nights.  The  product  consists  of  common,  salmon, 
and  colonial  brick. 

Wisp  Bros.  Co. 

The  C.  Wise  & Bros.  Manufacturing  Po.  oi)erates  a brick  plant 
(Xo.  40)  within  the  city  limits  of  Lancaster  south  of  the  iMillei'Sville 
road.  The  clay  is  residual  from  the  Ponestoga  limestone.  It  is  ob- 
tained by  surface  strijiping  over  a large  ai-ea  south  of  the  plant  and 
is  hauled  by  trucks  from  the  pit  to  the  plant.  It  is  gi'ound  wet  and 
mixed  in  a ])Ug  mill  before  going  into  the  brick  machines.  The  steam 
drier  holds  20,000  bricks  on  plate  racks.  There  are  thi-ee  kilns — 
one  7-arch  and  two  6-arch,  of  ni)-draft  t.vpe.  Soft  coal  is  used  in 
tiring  the  kilns  and  in  the  boiler  room. 

BriLl)I\(J  STOXK. 

Several  kinds  of  rock  in  the  Lancaster  area  have  been  used  for 
building  stone.  Limestone  was  used  widely  in  the  old  days  for  this 
])urpose.  The  Phickies  quartzite  was  (piai’ried  for  foundations,  steps, 
and  sills,  and  to  some  extend  for  houses. 

The  thicker-bedded  sandstone  of  the  Triassic  has  been  locally 
(piarried  for  bnilding  stone,  and  in  the  northern  part  of  the  (piad- 
rangle  there  are  many  old  houses  and  barns  built  of  this  red  or  i-ed- 
dish-brown  rock.  Although  the  color  is  pleasing,  the  i-ock  is  soft 
and  often  scales  badly  on  being  ex]m.sed  to  th(>  weather. 
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PLATE  XX 


A.  (ii  iiidiiig  elevator,  and  plant  of  liaiieaster  Hriek  Co.,  southwest  of 

Dillerville. 


li.  Drying  sheds  and  |)lant  'of  Laneaster  Hriek  Co. 
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Phylliti'  ill  the  Antietani  t'oriuation  is  (juarried  for  Imilding’  stoii(“ 
in  the  hill  south  of  iMouiitville.  This  (juarry  (Xo.  40)  is  owned  and 
(.perated  by  A.  K.  Shaffer.  The  rock  possesses  a marked  nearly  vertieal 
sehistosity  along  which  it  breaks  readily  into  slabs  by  using  a crow- 
bar. It  is  a green ish-gray  sparkling  |)hyllite  and  makes  a pleasing 
building  stone  if  ])roiierly  dressed  and  laid. 

A new  o])ening  {Xo.  42)  for  building  .stone  is  the  Walter  15.  Keiidig 
quarry  just  east  of  Lancaster  and  south  of  tin'  15.  Ileidig  crushed- 
stone  (piarry  (Xh».  22).  The  rock  is  Conestoga  limestone  of  the  banded 
blue  crystalline  type  with  sliekensided  slaty  partings.  It  strikes  XL 
60  Pj.  and  dijis  75  S.  Ifloeks  have  been  taken  out  from  an  ojiening 
about  25  feet  sipiare.  The  (piarry  has  a drilling  maeliiin'  and  a gas- 
oline pump  for  removing  water.  The  slabs  are  used  for  buildings  in 
Lancaster. 

The  northerly  ipiarry  at  the  old  City  Mill  ( Xo.  4:5  ) has  been  oper- 
ated by  J.  D.  Kendig  for  building  blocks.  The  rock  is  the  ('onestoga 
lime.stone  with  a dip  of  70°  S.  During  1925  the  (piarry  supplied 
building  stone  for  two  houses  in  Lancaster.  The  (juarry  is  now  oper- 
ated by  J.  M.  15renner.  It  suppli('d  stone  for  the  old  (hty  Mill  and  ad- 
joining houses  (PI.  XXI,  A).  The  old  Factory  Bridge  ov(‘r  Conestoga 
Creek,  Ipo  miles  to  the  south,  is  also  built  of  Conestoga  limestone  of 
similar  tyjie  and  is  typical  of  the  ohh'r  stone  bridges  of  the  ri'gion. 
(See  PI.  XXL  B ; afso  PI.  XIV.  B.  and  PI.  XXlll,  A.) 

IKf)\  OltK  ( l.iiii<>iiit(') . 

Limonite,  or  brown  hematite  as  it  is  commonly  called,  is  a chem- 
ical combination  of  iron,  oxygen,  and  water.  It  is  in  general  brown, 
but  there  are  yellow  and  red  varieties.  It  has  heen  extensiv(‘ly  mined 
111  the  Lancaster  (juadrangle  near  Silver  Spring  and  at  Copenheffer, 
on  the  north  side  of  Clu'stnut  Hill.  The  iron  ore  occurs  chiefly  along 
the  contact  of  the  ferruginous  Antietam  quartzite  and  overlying  Vint- 
age dolomite,  also  along  faults  in  the  Lower  Cambrian  arenaceous 
rocks,  the  Vintage  dolomite,  and  younger  limestones.  These  brown  ores 
were  precipitated  from  circulating  underground  waters  containing 
iron  in  solution  which  found  passage  along  contacts  of  I inu'stoiu'  and 
other  rocks  or  along  fault  planes.  The  ores  associated  with  the  Vint- 
age-Antietam  contact  were  probably  derived  from  iron  originally 
dejmsited  in  the  rocks  at  this  horizon  in  the  form  of  carbonati'  or  sonu' 
other  readily  soluble  mineral  and  set  free  on  the  weathering  of  the  rocks. 

1 he  upper  beds  of  the  Antietam  are  everywhere  weathered  at  the  sur- 
face to  a highly  rust-stained  porous  rock,  indicating  the  former  pres- 
ence of  iron  carbonate. 

These  deposits  were  worked  40  to  60  years  ago,  and  a description 
of  the  ore  and  mines  is  given  in  Pveport  CCC  of  the  Second  (ieological 
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PLATE  XXI 


A.  rify  mill  (lam  on  Coiiostoga  Cret'k  and  r('taining’  strurture  built  of 
('onostoga  limestone,  1 mile  southeast  of  Laneaster. 


15.  Piers  of  old  Factory  Bridge  over  Conestoga  Creek,  1 mile  southeast  of 
Ijanc;ist(‘r,  built  of  Conestoga  limestone. 


IRON  ORE  ‘.n 

Survey  of  Pennsylvania,  |)a«es  2()3--'5‘20.  At  the  present  time  the 
mines  are  all  inaetive,  because  of  inability  to  compete  witli  lower- 
priced  ore  from  other  areas.  They  ai-e  indicated  by  numbers  on  the 
maj)  and  described  l)rietly  below. 

The  Che.stnut  Hill  mines  (No.  4-f),  southwest  of  Silver  S|)i'in'i’.  were 
the  largest  mines  in  the  area.  They  lie  north  of  the  west  end  of  a low 
anticline  of  Antietam  (piartzite  at  the  contact  with  the  overlying  Vin- 
tage dolomite.  They  are  some  di.stance  southeast  of  a diagonal  fault 
wliicli  extends  from  a ])oint  near  Silver  Spring  S.  65°  W.  thi'ough  Iron- 
ville,  but  the  ore  is  probably  in  no  way  related  to  the  fault.  Mining  was 
begun  as  early  as  1820  in  the  northeast  end  of  tlie  banks  by  E.  B. 
Clrubb.'  In  1877  the  (diestmit  Hill  banks  were  divided  between  three 
owners:  the  lieirs  of  E.  B.  (Ti'iibb  took  the  northeastern  part,  C.  B. 
(jrnd)b  the  central  part,  and  the  Chestnut  Hill  Iron  Oi'e  ('o.  the  south- 
western part. 

The  ore  was  chiefly  brown  hematite  wash  ore,  with  hard  concre- 
tionary masses  in  the  lower  ])art,  and  ({uartz  was  ])lentiful  thi’oughout. 
The  ore  lay  in  beds  or  stringers.  The  old  openings,  8d  to  100  feet 
deej),  extend  southwe.stward  for  half  a mile,  fornung  a horseshoe 
around  the  western  end  of  the  anticline  of  Antietam  (piartzite.  (See 
Eig.  10).  At  present  the  noidheastern  ore  pit  is  tilled  with  water  and 


Eift’.  10.  C'hestiiut  Hill  ore  banks. 

Kroin  I’emisylvania  Second  Survey  Kept.  ('('O. 

‘reiinsylvania  Second  Geol.  Survey.  Kept.  C('(\  pp.  L'lo-L’KJ.  isso. 
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PLATE  XXII 


A.  Grubb  Lak«',  filling  old  workings  of  riiestmit  Hill  iron  banks.  1 mile 

soiitbwest  of  Silver  Spring'. 


H.  Frantz  f{''ist  mill  on  Eittle  (’onesto}*a  <'r<‘(*k  1 niib'  west  of  Millersville 


lUOX  OKE 


called  Grubb  Lake.  (See  PI.  XXTI.  A.)  A large  anu.uut  of  ore  was 
removed  in  the  year.s  from  18b:i  to  ISSO.  l,ut  since  then  the  i.roiiertv 
has  .Stood  Idle.  The  ore  wa.s  shipj.ed  to  the  E.  Haldeman  Go  anil 
Chickies  Iron  ('o.  and  the  St.  Charle.s  and  Henry  (May  furnaces  at 
Ghickies.  3 miles  north  of  Columbia. 

The  following  analyses’  represent  ore  from  the  Chestnut  Hill  and 
Silver  Sjiring  mines : 


Annlunex  of  iron  orv  from  t'hvxioot  Hill  nod  Silrrr  .S, mior.s 
l.Vnalysl,  .v.  S,  McCrcaUu 


Metallic  iron  

-Metallic  niaiifraiicse 

Sulphur  

Phosphorus  


Hill 

Silver  Spring 

. .'lOc 

4.'i.20n 

1.01.1 

1. 101 

.(XB 

.003 

.263 

.04s 

Ihe  Heiss  mine  (Xo.  4o)  was  a .small  pit  south  of  the  Chestnut  Hill 
property.  The  Silver  Spring  mine  (Xo.  4(i),  operated  by  Haldeman 
& McCormick  and  E.  H.  Grubb  in  18()3  to  1874,  adjoined  the  Grubb 
property  on  the  north.  The  excavation  was  perhaps  60  feet  deep  and 
covered  an  acre.  The  ore  was  limonite  and  was  shipped  to  the  (Miick- 
les  Iron  Co’s,  furnace.  The  <leposit  lies  adjacent  to  the  diagonal 
lault  through  Ironville  and  was  probably  determined  by  the  fault. 

Another  series  of  iron  mines  was  located  near  ( ’openhetfer.  on  the 
north  flank  of  the  Chestnut  Hill  anticline.  The  .same  kind  of  brown 

Ton"'  h^’i’iod  preceding 

18J0.  The  Copenhetfer  ore  bank  ( Xo.  47)  was  soiitb  of  Chickies  Creek 

and  north  of  the  railroad.  The  Sherks  ore  mine  (Xo.  48)  lies  .south 
ot  the  road,  one-eighth  of  a mile  south  of  the  Copenhetfer  mine  and 
for  about  ten  years  pimduced  lO.OOO  tons  a year.  A large  j)it  tilled 
with  water  marks  the  site  of  the  operations.  It  is  in  Conococheagiie 
limestone  near  the  fault  contact  with  Harpers  phyllite.  The  ore 

pit  of  P.  Garber  (Xo.  4!))  adjoins  it  (o  the  east  and  was  small  work- 
ing. 

The  John  Hertzler  mine  ( Xo.  bO)  lies  in  Ledger  dolomite  a .piarter 
nt  a mile  north  of  the  fault  on  the  north  flank  of  the  (Mic.stnut  Hill 
anticline.  The  ore.  however,  like  that  in  the  other  mines,  wa.s  lu-ob- 
ably  concentrated  by  ore-bearing  solutions  pa.ssing  along  the  fault 
•some  ot  these  solutions  penetrating  the  adjacent  limestone  and  replac- 
ing the  lime  with  iron. 

Other  iron  ore  pits  east  of  the  two  groups  already  meutioncil  ore 
located  along  faults  in  limestone.  The  largest  one  (Xo.  .7]  ) is  a mile 
iH.rthwest  of  Dillerville,  at  what  was  called  (.treville.  Like  the  other 
iron  imnes,  it  has  long  been  abandoned.  It  is  on  the  property  of 

^Idern.  p.  210. 
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David  Graybiil,  of  Lititz,  'who  with  his  father  operated  the  mine  foi- 
many  years. 

LEAD  AND  ZINC  ORE. 

Tlie  only  lead  and  zinc  mine  in  the  area  is  the  Bamford  mine  (No. 
52),  near  Bamford,  3 miles  southeast  of  Landisville.  The  mine  was 
opened  in  1855,  and  the  last  work  was  done  there  in  1883.  A history 
of  the  mine  has  recently  been  given  by  Miller., and  the  deposit  was 
l)reviously  fully  described  by  Frazer  who  quotes  a statement  of  the 
history  of  the  mine,  by  E.  G.  Spilsbury,  Superintendent  of  the  works 
till  1877^  The  ore  above  water  level  was  calamine  and  cerusite ; that 
below  water  level  was  sulidnde  of  zinc  and  lead.  It  occurs  in  two 
veins  with  breeciated  limestone  hanging  walls.  The  veins 
strike  N.74°E.  and  dip  72°NW.  The  ore  pinched  out  at  a depth  of 
about  110  feet. 

Surface  evidence  at  the  site  of  the  mine  is  so  slight  that  nothing 
can  be  added  to  the  data  already  jniblished,  except  that  the  limestone 
in  which  the  veins  occur  is  the  Ledger  dolomite  of  Lower  Cambrian  age 
instead  of  Silurian  as  has  been  stated.  It  overlies  fossiliferous  Lower 
Cambrian  Kinzers  shale,  and  underlies  Elbrook  limestone  of  Middle 
Cambrian  age. 


^Miller,  H.  L..  Lead  and  zinc  ores  of  Pennsylvania:  Pennsylvania  Top.  and  Geol.  Survey.  Bull. 
M-n.  pp.  4B-53,  1924. 

“Frazer,  Persifor.  Jr.:  Pennsylvania  Second  Geol.  Survey  Kept.  CCC.  p.  55,  190-203.  1880. 
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Isaac  K.  Stauffer.  H.  I>.,  T.ititz 
C.  P.  Risser,  owner;  Anderson  Shoeimiker 
operator,  R.  D.,  Lititz 

.Tohn  Seitiert,  R.  I).,  I.ititz  / _ * 

Ttieo.  L.  Forney,  I.ititz  

Al.  Shenk,  Lititz 
Elmer  H.  Hershey  (tornierly 
cpiarry  of  .\aron  T.onjr),  I-ititz 

Huoher,  (formerly  Ranioth  l.iine 
& Stone  Co.),  4s  .North  !)th  St.,  Lebanon 
Charles  H.  Winter,  .'Manheim 
V\m.  Gantz,  .Manheim 

-V.  F.  .Metzfrar,  .Manheim  _ , W / 
•T.  L.  Kauffman,  R.  I).  2,  tiox  I;;2,  .Manheim 
Ihomas  .\.  Erh,  I.ititz 


Abraham  E.  Hinkdey,  Neffsville 

Binkley  & Oher,  East  Peterslnir'-  _ " 

J.  N.  .Stauffer  & Bro.,  R.  I).  2,  Almmt'.hn- 

.N.  S.  Newcomer,  .Mount  .toy 

■A.  M.  E.shleman,  l.amlisville  _ __ 

I.  S.  Siegrist,  R.  I).,  .Mount  .loy 
Bellemont  quarry,  .\aron  B.  Hess  owner 

Harrisburg  

Dfjloimte  Products  Co..  Breniieman  BMg.. 

N.  Duke  St.,  Lancaster 
C.  ]).  .Stoner,  Columbia 
Conestoga  Traction  Co.,  l.aneaster  - 8” 

■1.  I).  Heidig,  Lancaster  _ __  _ 

Conestoga  Traction  Co..  Rocky  .Springs' 

quarry  

g'ty  Mi"  quarry,  .1,  j"!.  Brenn8  .8  Co8 

R.  p.  (I,  Lancaster  

Denlinger  A-  .lohnson,  in  North  Duke  St 

l.aneaster  

Brookmeyer  A-  Goshkey,  IngiesTle,  R~  I)  ’ 

7,  Lancaster  

H R.  Miller,  R.  I).  2,  Laneas’t'eV 
Clarence  I).  Stoner,  West  End  ipiarry  .1 
C.  Budding,  agent,  Lancaster  ' ' 
Clarence  D.  Stoner,  Columbia  quarry 

Columtiia  _ ' 

Charles  S.  Bender,  .Millersville  ’ 

W.  E.  & F.  G.  Burnt. right,  l.aneaster’  ' 
H D.  Bowers  & Sons,  Oyster  Point  Sand 

to.,  Lancaster  

John  .M.  Herr,  owner;  .\aron  Herr 

operator,  Mountville  Sand  Co‘.  

Earl  Grcider,  Ohio,  owner;  formerly 
operated  by  Detweiler,  Emig  A:  Collins 
York  

Jacob  Betz,  R.  I)..  I.am'aster’ 

Mm.  H.  Hull  ■ 

J.  C.  Budding  Co.,  l.aneaster 

Lancaster  Brick  Co.,  Lancaster 

C.  Wise  & Bros.,  Lancaster  ] 

.A.  R.  Shaffer.  Mountvilli.  ] 

M . I!.  Kendig,  l.aneaster 

.1 . D.  Kendig,  Lancaster  ' ' 
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WATER  RESOURC  ES. 

I’recipitatioii. 

The  average  animal  rainfall  in  the  eastern  Piedmont  region, 
which  includes  the  Lancaster  area,  is  about  44  inches,  almost 
eiiually  distributed  thronghont  the  four  seasons.  There  is  a variation, 
however,  from  42  inches  in  the  driest  year  to  74  inches  in  the  wettest 
year.  Tn  tlie  Lancaster  quadrangle  the  rainfall  for  wet  years  is  not 
above  55  inches. 

Run-off. 

At  present  no  data  are  available  on  the  volume  of  water  flow- 
ing in  the  streams  of  the  Lancaster  (piadrangle,  bnt  a report  which 
will  give  such  information  is  in  prejiaration  by  the  United  States 
(feological  Survey.  A report  on  the  hydrogra]fliy  of  the  Susijnehanna 
drainage  basin’,  of  which  this  area  is  a part,  gives  much  valuable  in- 
formation about  this  gpueral  region.  A gaging  station  is  located  at 
McCalls  Ferry  on  the  Susquehanna  8 miles  south  of  the  mouth  of 
Conestoga  Creek  and  12  miles  south  of  the  Lancaster  area.  Measure- 
ments of  the  flow  of  the  Susquehanna  were  made  from  1902  to  1904, 
prior  to  the  building  of  the  dam  at  Iloltwood,  from  five  gaging  sta- 
tions located  above  and  below  the  dam  site. 

Water  Rowei-. 

The  streams  of  the  Lancaster  (piadrangle  flow  in  rocky  channels 
and  have  rather  steep  grades.  Water  power,  obtained  by  the 
construction  of  low  dams,  usually  of  stone,  has  been  utilized  in 
the  past  for  gristmills.  These  dams  are  numerous  on  Conestoga 
Creek  and  its  tributaries,  chiefly  Little  Conestoga  and  Hammer  cia^eks, 
and  on  Chickies  Creek. 

Many  of  these  gristmills  are  still  active  and  use  water  power,  but 
some  of  them  have  installed  electricity  and  are  operated  for  other  pur- 
j)oses  than  grinding  of  grain.  At  Binkleys  bridge  there  is  an  old 
gristmill  which  was  formerly  operated  by  power  developed  on 
Conestoga  Creek.  The  mill  is  now  owned  by  the  Consumers  Box  Board 
Pajier  Co.,  of  New  York  City  which  makes  tissue  paper,  using  electric 
motors,  the  water  power  no  longer  being  used.  The  jxiwer  of  Chickies 
Creek  is  used  at  Centerville  in  a crushed-stone  plant  of  the  N.  S.  New- 
comer limestone  quarry.  (Hee  PI.  XV,  A.)  An  accessory  electric  motor 
has  been  installed  but  is  rarely  needed.  The  -lohn  R.  Frantz  mill, 
on  Little  Conestoga  Creek  west  of  iMillersville,  formerly  Groff’s  mill, 
is  a large  gristmill  operated  by  water  power.  (See  PI.  XXII,  B.) 
Steam  ])owei'  is  used  in  times  of  low  watei-.  The  Flory  gristmill,  at 
Shreiner.  has  also  ceased  to  use  Avater  power. 


J.  C.,  and  Anderson.  IF  II.,  U.  S.  Ge  1.  Survey  Water-Suiiply  Uaner  1GB.  IBG.'e 
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Municipal  M'atcc  Siipplitvs. 

The  cities  ami  boroughs  of  the  Laiieaster  quadraiigie  that  have  a 
iiuuiieipal  water  supply  are  Laiieaster.  Columbia.  Lititz,  iManheim. 
Mouutville,  ami  Mount  -Joy.  The  rest  of  the  area  derives  its  domestie 
supply  from  wells  and  springs. 

The  muuieipal  wateinvorks  of  Lancaster  (PI.  XXIll,  A)  is  ou 
Conestoga  Creek  just  north  of  the  Pennsylvania  Railroad  bridg’e 
northeast  of  the  city.  The  brst  waterworks  was  built  in  188b,  and 
the  present  pumping  plant  in  1888.  'fhe  blti'ation  ])lant  on  the  same 
proi)erty,  built  privately  in  IhOb.  is  now  owmsl  by  the  city.  The 
water  is  puni])ed  from  Conestogri  Creek  through  Two  48-i7ich  pi])es 
and  goes  to  a settling  basin.  It  is  passed  through  sci’ubbers  and  sand 
tiltei's,  wddeh  have  a capacity  of  9,0()(),(K)0  galloTis  daily.  Pumping 
is  done  by  electricity  with  eight  direct-connected  centrifugal  pum])s. 
The  city  has  a l,650,()()0-gallon  tiltered-watei'  I’cservoir  at  the  bltra- 
tion  jilant  and  a twin  distributing  reservoir  on  a hill  in  the  easteim 
part  of  the  city  with  a ca])acity  of  b, ()()(), ()()()  gallons.  A stand  pi|>e 
no  feet  high  and  ‘id  feet  in  diameter,  with  a cai)acity  of  -lOO.OOO  gal- 
lons, is  utilized  for  high-])ressui'e  service. 

In  1924  the  average  daily  consumption  was  9.28d,b29  gallons  for  a 
poiJuiation  of  (15,000  people.  Some  of  this  water  used  outside  of  the 
city  is  supplied  by  the  Manheim  ToAvnship  Water  (’o.  and  the  West 
Lnd  Water  Co.,  which  respectively  sujjply  an  ai‘(‘a  north  of  the  city 
on  the  Lititz  road  and  an  area  west  of  the  eit\'  7iear  the  Lincf)ln  High- 
way. 

Columbia  also  takes  its  watei'  fi'om  a snrfaci*  siijiply.  Its  watei’ 
company,  incoi-porated  in  1828.  has  Ib-iuch  intake  |)ipes  in  Sus(pie- 
hanna  River  northwest  of  the  Lancaster  (piadi'angle.  The  water  after 
being  pumped  into  settling  tanks  is  tilteretl  and  jnuni)ed  into  a covered 
reservoir  three-cpiartei's  of  a mile  north  of  the  bni'ough,  also  outside 
the  quadrangle.  The  avei'age  daily  consuni|)tion  is  about  72b, ()()() 
gallons.  The  Pennsylvania  Raili’oad  at  Columbia  |)iim])s  125, OOO  gal- 
lons daily  from  Susquehanna  Rivei'  for  us(‘  of  the  railroad  roujid- 
house  and  shoi)S. 

IMount  doy,  which  like  Columbia  is  pai'tly  in  the  Lancaster  and 
partly  in  the  IMiddletown  (juadrangle,  takes  its  watei'  from  Little 
duckies  Creek  half  a mile  north  of  the  borough  line.  The  water 
supply  plant  was  built  in  1874,  and  the  pumps  are  operate'!  by  water 
powmr  from  a dam  on  the  stream  when  there  is  sufficient  water.  A 50- 
horsepower  gasoline  pump  supiilements  the  water  power.  The  reser- 
voir is  a quarter  of  a mile  west  of  the  creek.  The  water  conqianv  suj)- 
plies  about  2,500  persons,  and  the  average  daily  consumjition  is  500,- 
000  gallons. 
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PI.ATE  XXIII 


A.  Ijancaster  waterworks  on  Conestoga  Creek,  and  the  Pennsylvania  Rail- 
road bridg«‘,  eonstrueted  of  large  bloeks  of  ribbed  Conestoga  limestone  from 

nearby  quarry. 


B.  Tjititz  Spi'ing  and  nuinieipal  water  towei-  of  the  town  of  Lititz. 


WATER  UKSCtlRCES 


'.'9 


The  Mcuilieiin  Water  Co.,  iiieorpoi-ated  in  1884.  su|i|ilies  iNIaiilieiiii 
Iloi’ouiili  from  Ivife  Kun.  Tlie  pumping-  ])laiit  is  just  uest  of  the 
boi'ouji'Ii  limit,  and  the  water  is  pumped  to  a TdO.OOO-galloii  reservoii' 
oil  a hill  noi'th  of  the  town.  The  water  is  soft  and  comes  from  an  area 
uuderlain  by  shale. 

The  Philadelphia  & lveadiu<i  Railroad  pnm|)s  (i. ()()()  yallous  daily 
from  Chickies  Creek  at  Mauheim  and  talu's  watei-  from  a well  iii  Beek- 
mantowu  limustoue  at  Lancaster  .Junction. 

Both  Lititz  and  iMouiitville  get  their  water  from  s)u-ings  and  wells. 
Tile  noted  Lititz  Si»riiigs  (PI.  XXIII.  B)  are  located  in  a ])ark  in  the 
city  owned  by  the  iMoravian  Church.  They  how  out  of  limestone  into 
a large  pool  which  drains  eastward  through  tin*  park  and  the  town  into 
Lititz  Run.  About  800  yards  ivest  of  these  s]iring's  is  the  muiiicii)al 
waterworks,  built  in  18!)8.  It  gets  water  from  a dug  well  80  feet  deep, 
and  an  electric  pumj)  forces  watei’  into  a loO.OdO-gallon  staud])ipe  near 
by.  Its  capacity  is  about  the  average  daily  consumption  of  the  lioi’- 
ough.  i\Iost  of  the  industrial  jilants  of  the  town  have  their  own  artesian 
wells.  The  water  obtained  is  hard. 

iMouiitville  derives  its  water  sui)])ly  from  a series  of  four  siu'ings 
and  nine  driven  wells  in  Chestnut  Hill.  1 mile  northwest  of  the  bor- 
ough. The  springs  are  in  llarjiei's  jiliyllite.  just  east  of  a normal 
fault  which  trcmds  X.  50°  E.  The  widls  are  250  to  800  feet  dee])  and 
are  in  an  east-west  line  in  a small  raviin*.  In  1025  another  well  was 
drilled  west  of  those  already  producing;  the  well  driller  reported 
quartzite  at  800  feet.  The  watei’  is  piimjaal  into  two  near-by  resm’- 
voirs  by  a 24.000-gallon  Barry  tk  Zi’cher  d(‘ep-well  pum|)  with  a 8- 
horsejmwer  gasoline  engine.  It  tiows  by  gravity  through  an  S-inch 
main  to  the  distributing  mains  of  the  borough. 

At  Cojienheft'er  the  Philadeli)hia  & Reading  Railroad  obtains  a 
5.000-gallon  daily  supply  from  a s]U’ing  on  the  north  fac(‘  of  Cbickii's 
Hill,  south  of  the  station. 

The  auxiliary  pumping  plant  of  the  Lebanon  waterworks  is  on 
Hammer  Creek  in  the  northern  part  of  the  Lanca.ster  (luadrangle. 
The  water  is  puiiijied  over  the  divide  into  the  impounding  reservoirs. 
8 miles  to  tin*  north,  in  Lebanon  County,  at  an  altitude  of  600  feet. 
The  punijis  were  formerly  run  by  steam,  but  in  1926  electricity  was 
installed. 

Si»i-iiigs. 

.Many  of  the  sju’ings  in  the  Rancaster  (piadrangle  issue  along 
faults.  Among  the  eonsjiicuous  springs  of  this  class  are  the  serii's 
in  a jileasure  jiark  near  Penryn  Station  and  a spring  2 miles 
west  of  jMount  Hope  on  the  same  fault.  spring  in  a hollow  in  the 
Coealico  shale  south  of  iManheim  is  near  a north-sfnith  fault  ; another 
spring  with  good  How  on  the  north  side  of  Kissel  Hill,  east  of  the 
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Lititz  ])ike,  is  on  a fault  that  drops  the  Cooalieo  sliale  into  contact  with 
the  Conocoeheagne  limestone.  Springs  occur  southeast  and  west  of 
Landis  Valley  and  north  of  Binkley  on  east-west  faults.  Along-  the 
fault  northeast  of  Centerville  there  is  a series  of  springs  in  the  Cono- 
eocheagne  limestone.  Silver  Syn-ing  was  named  from  the  s))ring  along 
the  fanlt  that  runs  w(*st  to  the  edge  of  the  Lancaster  ai-ea.  and  there 
are  other  springs  along  1he  course  of  this  fanlt. 

Although  s])rings  ai-e  more  nnmerons  along  faults  they  are  not  con- 
fined to  fanlt  zones  hut  ai-e  rather  ]dentiful  in  the  limestones  of  the 
area  and  foi-m  a never-failing  sup|)ly  of  water  for  many  farm  houses. 
The  Lititz  Spring  (see  PI.  XXI II,  B)  is  one  of  the  largest  and  best 
known  of  such  springs.  There  are  fewer  springs  in  the  Triassie  sand- 
stone and  almost  none  in  the  Coealico  shale. 
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Because  some  words  in  this  report  may  not  be  familiar  to  all  its  readers. 

the  following  definitions,  prepared  by  R.  W.  Stone,  are  given: 

Anticline.  A fold  or  arch  of  rock  strata  dipping  in  opposite  directions  from 
an  axis. 

Argillaceous.  Containing  clay. 

Arkose.  A sandstone  rich  in  feldspar  fragments. 

.lugite.  A common  rock-making  mineral,  of  dark  color  with  considerable 
alumina  and  iron. 

Biotite.  Common  black  mica. 

Brachiopod.  A class  of  soft-bodied  shell-fish  with  two  shells  hinged 
together,  symmetrical  to  the  center  of  the  hinge. 

Breccia.  Rock  made  of  angular  fragments  cemented  together. 

Calcareous.  Consisting  of  or  containing  lime. 

Calcite.  .A  common  lime  mineral,  contains  .56  per  cent  lime. 

Calamine.  A zinc  mineral. 

Carbonate.  A compound  formed  by  the  union  of  carbonic  acid  with  a l)ase. 

Cejihalon.  The  head  shield  of  a trilobite. 

Cephalopod.  Th“  most  highly  organized  class  of  mollusks,  including  the 
octopus  and  squid. 

Cerussite.  A lead  carbonate. 

Chert.  An  impure  form  of  silica. 

Chloritic.  Containing  chlorite,  a green  iron-aluminum  silicate. 

Cleavage.  A tendency  of  rock  to  split  along  definite,  parallel,  closely 
spaced  planes  which  may  be  highly  inclined  to  the  bedding 
planes. 

Con.glomerate.  A mixture  of  rounded  pebl)les  or  boulders  and  sand 
cemented  together  into  a rock. 

Cordierite.  A magnesium-iron-aluminum  silicate  sometimes  used  as  a 
gem. 

Crinoid.  An  animal  related  to  the  star-fishes  but  fastened  to  the  sea 
bottom  by  a stalk. 

Crystalline.  Having  (he  nature  of  a crystal. 

Diabase.  A dark  igneous  rock  usually  occurring  in  dikes  or  intrusive 
sheets.  Erroneously  called  black  granite. 

Dike.  long  and  relatively  thin,  nearly  vertical  body  of  igneous  rock 
which,  while  in  a state  of  fusion,  entered  a fissure  in  older 
rocks  and  there  chilled  and  solidified. 

Dip.  The  angle  at  which  beds  or  strata  are  inclined  from  the  horizontal. 

Dolomite.  A limestone  that  carries  a considerable  proportion  of  mag- 
nesium. 

Epidote.  A green  mineral  containing  lime,  aluminum,  and  iron. 

Fault.  A break  in  the  continuity  of  the  body  of  rocks  attended  by  a 
movement  on  one  side  or  the  other  of  the  break  so  that  what 
were  once  parts  of  one  continuous  rock  stratum  or  vein  are 
now  displaced. 

A normal  fault  is  one  in  which  the  hanging  wall  has  been 
depressed  relatively  to  the  toot  wall. 

A reverse  fault  or  overthrust  is  one  in  which  the  hanging 
wall  has  been  raised  relatively  to  the  foot  wall. 

Feldspar.  A general  name  for  a group  of  abundant  rock-forming  min- 
erals, containing  soda,  potash,  or  lime,  and  alumina  and  silica. 

Ferruginous.  Containing  iron. 

Fossiliferous.  Containing  fossil  remains  of  plants  or  animals. 

Gastropod.  A mollusk  having  a one-piece  spirally  coiled  shell,  as  snails. 

Geosyncllne.  A great  downward  bend  of  the  earth’s  crust. 
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Grabeii.  A de])ressed  tract  of  laud  l)et\veeu  two  or  more  faults. 

Graptolite.  Au  extiuct  form  of  coral-like  animal. 

Horst.  A raised  tract  of  the  earth's  crust  between  two  or  more  faults. 

Hypostoma.  Plate  covering  the  upper  lip  of  a trilobite. 

Igneous.  Formed  by  solidification  from  a molten  state,  as  contrasted  with 
sedimentary. 

llmenite.  An  iron-titanium  mineral. 

Indurated.  Hardened. 

Intrusive.  Said  of  certain  igneous  rocks  which  have  when  molten  pene- 
trated into  or  l)etween  other  rocks  but  solidified  befoi-e  reaching 
the  surface. 

Labradorite.  A lime-soda  feldspar. 

Limonite.  A brown  iron  ore. 

Ivithologic.  Pertaining  to  rock  character. 

Magma.  Liquid  molten  rock;  the  molten  material  from  which  igneous 
rocks  are  formed  by  solidification. 

Magnesian.  Containing  magnesium. 

IMetamorphosed.  A change  produced  in  the  texture  or  composition  of  a 
rock  after  it  has  hardened. 

Meteoric.  Pertaining  to  atmospheric  phenomena. 

Micaceous.  Containing  mica. 

Oolitic.  Consistin.g  of  round  grains  like  tish  roe. 

Ophitic.  A crystalline  texture  characteristic  of  some  diabase. 

Orthoclase.  A potash-bearing  feldspar. 

Ostracod.  A small  marine  shelltish  having  a bivalve  limy  shell. 

Pegmatite.  A very  coarse-grained  granite. 

Phyllite.  A thin-sheeted  rock  intermediate  between  slate  and  mica  schist. 

Porcellanite.  Fused  shale  or  clay. 

Pseudomorphic.  Having  the  outward  form  of  another  species  of  min- 
eral. 

Pyrite.  A common  mineral  composed  of  iron  and  sulphur. 

Quartz.  A common  rock-forming  mineral  composed  of  silica:  usually 
white  or  smoky. 

Quartzite.  A quartzose  sandstone  that  has  been  more  firmly  cemented 
by  additional  silica. 

Rhyolite.  A volcanic  rock. 

Saccharoidal.  Having  a granular  texture  resembling  that  of  loaf  sugar. 

Schist.  A crystalline  rock  that  can  be  readily  split  or  cleaved  because 
of  internal  parallel  structure. 

Schistose.  Having  the  nature  of  schist. 

Sedimentary.  Formed  by  deposition  of  grains  or  fragments  of  rot-k- 
making  material  commonly  from  suspension  in  water. 

Sericite.  A talc-like  mica  occun-ing  in  small  scales. 

Silicecus.  Containing  abundant  silica  or  quartz. 

Sill.  An  nit.nsive  sheet  of  i.gneons  I'ock  forced  between  level  or  gently 
inclined  beds. 

Sphalerite.  A zinc-beai'ing  mineral. 

Strike.  The  direction  or  bearing  of  the  outcrop  of  an  inclined  bed  or 
of  rock  st\ net  lire  on  a level  surface. 

Syncline.  A fold  in  rocks  in  which  the  strata  dip  inward  from  both 
sides  toward  the  axis. 

Synclinorium.  A compound  syncline. 

Test.  The  hard  outside  covering  or  shell  of  many  invertebrates,  as  the 
crab. 
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Trilobite.  An  extinct  marine  crustacean  having  the  body  divided  length- 
wise into  three  more-or-less  distinct  lobes. 

Tripoli.  Rock  composed  of  small  fragments  of  chert. 

Unconformity.  A break  in  the  continuity  of  sedimentation  sometimes 
represented  by  different  dips  in  underlying  and  overlying  strata. 

Vitreous.  Having  the  lustre  of  broken  glass. 
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